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THROMBOPOIETIN PROTEINS WITH IMPROVED PROPERTIES 

FIELD 

The invention concerns human thrombopoietin and in particular modified forms of 
5 thymopoietin (TPO) with improved properties. The improved proteins contain amino acid 
^solutions at specific positions within the TPO molecule. The invention provides modified 
W Omo,ecuIes, preferably fusion proteins comprising immunoglobulin constant regions and 
modified human TPO, with improved biological activity concomitant with reduced 
unmunogenic potentia, in the protein. The improved preteins are intended for therapeutic use 
> in the treatment of diseases in humans. 



BACKGROUND 

Thrombopoietin (TPO) is a glycoprotein hormone involved regulation of piatele, production 
TPO promotes both tire proration of megakaryocyte progenitors in tine bone marrow and 
their maturation into platelet-producing megakaryocytes. 

TPO has significant therapeutic value in to treatment of patients with reduced piatelet conn. 
In particular patiema with many types of cancer suffer thrombocytopenias on account of 
myeiosuppressivechemothempy. Platelet transfixion hsaMstoricaily been me mainstey by 
which suchpati^ts have been supported. The availability of purified TPO from recombinant 
sources cou.d enhance the options available for aggressive chemotherapy regimens and other 
patients at risk of bleeding complications due to their thrombocytopenia (Prow. D. * Vadhan- 
Raj, S. (1998) Oncology 12: 1597-1608]. 

At least two fomis of recombinant human TPO have been developed for clinical hails A ' 
truncated version comprising only the N-tenninal 163 amino acids conjugated with 
polygene glycol is refen-ed to as pegylated recombinant human megakaryocyte growtit and 
development factor (PBG-rHuMDGF). A full iengflt and glycosylated molecule is refold »o 
as recombinant human thrombopoietin (rhTPO). 

Both fonns of TPO have been evaluated in Phase m Mais, where they were given to caacer 
patients before receiving chemotherapy in order to boos, platelet counts. The results of these 
tnals have been reported [Basser R.L. et al (1996) Lancet; 348: 1279-1281; Basser RLetal 
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(1997) Blood; 89: 31 18-3128. Erratum in 1997; 90: 2513; Fannuchi M. et al, (1997), New 
England Journal of Medicine; 336: 404-409; Vadhan-Raj S. et al. (1997) Ann. Intern. Med- 
126: 673-681 and Vadhan-Raj S. (1998) Sernin. Hematol; 35: 261-268]. 

Both forms of TPO have been found to be immunogenic in a small proportion of subjects, and 
neutrahsing antibodies have also been demonstrated to both molecules [Hardy L et al (1997) 
The Toxicologic 36: 277; Li J, et al (2001) Blood; 98: 3241-3248; Koren E. (2002) Dev Biol 
(Basel); 109: 87-95; Basser R.L. et al (2002), Blood; 99: 2599-2602 and Koren E. (2002) 
Current Pharmaceutical Biotechnology; 3:349-360]. 

Clinical trials of PEG^rHuMDGF were abandoned in 1 998 as neutralising antibodies could 
bmd to endogenous TPO causing some of the patients and normal volunteers involved in the 
tnals to become platelet transfusion dependent for several years. Neumann T.A & Foote M 
(2000) Cytokines Cell Mol Ther.: 6; 47-56]. 

Clearly for these subjects, an immune response has been mounted to the therapeutic TPO 
despite the fact that TPO is normally present in the circulation. The pivotal feature leading to 
the induction of an immune response is the presence within the protein of peptides that can 
stimulate the activity of T-cells via presentation on MHC class B molecules. Such peptide 
sequences are 'T-cell epitopes" and are commonly defined as any amino acid residue sequence 
with the abihty to bind to MHC Class H molecule, Implicitly, a "T-cell epitope" means an 
epitope which when bound to MHC molecules can be recognised by a T-ceU receptor (TCR) 
and which can, at least in principle, cause the activation of these T-cells by engaging a TCR to 
promote a T-cell response. Patients who develop antibodies to TPO possess T cells that are 
capable of recognising peptide fragments of TPO bound to MHC class B molecules in their T 
cell repertoire. 

To date no form of TPO has received regulatory approval as a therapeutic compound. From 
the foregoing there is clearly a continued need for TPO analogues with enhanced properties 
There is a particular need for enhancement of the in vivo characteristics when adrninistered to 
the human subject. In this regard, it is highly desired to provide TPO with reduced or absent 
potential to induce an immune response and enhanced biological potency in the human 
subject. 
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Others .have provided TPO mo.ecu.es and m ^ vm ^ ^ 

5,879,673] rncluding chemically modified and truncated forma [US, 5,989,538] and TPO 
fusion proteins [US, 6,066,318]. 

Koren e, a! [US Paten, Application 20030077756] have identified peptide sequences in tire C- 
ternnnal domain of hnman TPO that are able to interact with anti-TPO antibodies. 

None of these teachings recognise the importance of T cell epitopes to the immnnogenic 
propert.es of me protein nor have been conceived to directly tafluenco smd properties in a 
specific and controlled way according to the scheme of the present invention. 

WO 03/104263 describes methods for the identification of CD4 + T-cell epitopes in cytokines 
mclndmg TPO. According to tins method an epitope at residues 154-171 was defined 
However, substitutions leading to a desired altered immunogenic response were suggested a, 
resumes outside of the epitope at residues 138, 139 and 140. 

The co-owneti application WO 02/068469 describes tire results of an analysis of the entire 
TPO sequence for the presence of potential MHC daaa H binding ligands. The analysis 
therem re conducted using a computer simulation of the peptide MHC binding interaction 
WO 02/068469 aiso provides multiple amino acid substitutions for achieving the disruption of 
the said potential epitope sequences. 

The present invention is concerned also with TPO molecules in which amino acid substitution 
and or combinations of substitution have been conducted, to the present case, the molecu.es 
of tire mvention are fusion proteins comprising a human immunoglobulin constant region 
moretyhnkedwithahumanTPOmutein. Linkage to the immunoglobulin constant region 
donram causes tire protein to become dimeric and these moIecu.es additionally show increased 
potency. 

This structure together with substitutions and combinations of substitutions in the TPO 
achieve a reduced immunogenic profile for the prote 



tern. 
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The general category of "human Fc fusion proteins" of which the present molecules are 
examples have been described previously [US, 5,541,087; US, 5,726,044 Lo et al (1998), 
Protein Engineering 11:495 - 500]. 



SUMMARY OF THE INVENTION 



The invention provides human thrombopoietin molecules containing amino acid substitutions. 
The amino acid substitutions confer improved properties to the protein. The improved 
properties concern the specific biological activity of the protein and also the immunogenic 
properties of the protein. 

The molecules of the invention are fusion proteins comprising a human immunoglobulin 
heavy chain constant region moiety linked with a human TPO mutein derived from wild-type 
truncated TPO (1 - 174). 

The TPO proteins of the invention preferably are expressed in mammalian cell-lines as a C- 
tenninal fusion partner, linked to the Fc unit of human IgG 4 , wherein the Fc portion may 
include a hinge region. 

The TPO sequence is fused preferably to the C-terminus of a hinge modified/CH2/C H 3 Fc 
region of human IgG 4 via a 15 amino acid flexible linker between the C-terminus of the C H 3 
and the N-terminus of TPO (1 . 174) . The expressed fusion proteins are dimeric and have a 
stoichiometry of (hmge-CH2-CH3-linker-TPO(,-i7 4) )2. 

The molecules of the invention have new properties. Such molecules may cause benefit for a 
patient with thrombocytopenia. 

The molecules of the invention are characterised by the protein sequences denned herein as 
Ml to M67, F-Ml to F-M67, and F-L-Ml to F-L-M67, respectively, wherein Ml to M67 
represent the protein sequences of differently modified human TPO in its truncated form (1 - 
174), F-Ml to F-M67 represent the respective fusion proteins with the Fc portion of human 
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IgG4 or optionally another human IgG form, and F-L-Ml to F-L-M67 represent the respective 
fusion proteins comprising a linker molecule between the Fc sequence and the TPO protein 
sequence, wherein said linker molecule is preferably a linker peptide comprising 4 - 20 amino 
acid residues; 



The molecules of the invention are further characterised their relative activity in a proliferation 
assay of between 0.1 and 6.3. 

A most preferred molecule, of the invention is characterised by the protein sequence M67 or 
F-M67 or F-L-M67 or F1-L1-M67, wherein F is a Fc portion, preferably deriving from human 
IgG4 and including a modified hinge, and L is a peptide linker of 15 amino acid residues and 
Fl and LI are specific sequences according to Table A3 and A4. These molecules are further 
characterised by a relative activity of around 0.4 in a proliferation assay. 

A further preferred molecule of the invention is characterised by the protein sequences Ml F- 
Ml, F-L-Ml, and preferably F1-L1-M1 and is further characterised by a relative activity of 
around 1 .0 in a proliferation assay. 

A further preferred molecule of the invention is characterised by the protein sequences M66 
F-M66, F-L-M66, and preferably F1-L1-M66 and is further characterised by a relative activity 
of around 0.2 in a proliferation assay. 

The most preferred molecules of the invention are characterised yet further still by comprising 
sequences demonstrated to show reduced immunogenicity in human cells. In particular 
reduced immunogeriicity as measured using a "T-cell assay" or a "time course assay" as 
defined herein. 

The present invention provides for modified forms of TPO proteins, preferably 
immunoglobulin fusion proteins having the biological activity of human TPO, that are 
expected to display enhanced properties in vivo. The present invention discloses the major 
regions of the TPO primary sequence that are immunogenic in man and provides modification 
to the sequences to eliminate or reduce the immunogenic effectiveness of these sites. 
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In one embodiment, synthetic peptides comprising the immunogenic regions can be provided 
in pharmaceutical composition for the purpose of promoting a tolerogenic response to the 
whole molecule. 



In a further embodiment, the modified TPO molecules of the present invention can be used in 
pharmaceutical compositions. 

In summary the invention is concerned with the following issues: 

• A modified TPO molecule (M) in a truncated (1 - 174) form having essentially the same 
biological specificity and activity of human TPO when used in vivo containing one or 
more amino acid substitutions, wherein said modified TPO molecule is substantially non- 
immunogenic or less immunogenic than the parental non-modified human TPO and said 
amino acid substitutions cause a reduction or an elimination of one or more of T-cell 
epitopes within the wild-type TPO sequence which act in the parental non-modified 
molecule as MHC class II binding ligands and stimulate T-cells. 

• A modified TPO molecule as specified containing one or more of the amino acid 
substitutions containing at least the amino acid substitutions M55K, A60R and VI 61 A 
within the TPO sequence. 

• A modified human TPO molecule having the formula / structure (M) 

SPAPPACDLRVLSKLLRDSHVLHSRLSQCPE^/HPLPTPVLLPAVDPSL6X 1 X 2 KTQX 3 EEX 4 KX 5 X e D 
X 7 LGAX 8 TX 9 LX 10 X 11 GVMAARGQLGPTCLSSLLGQLSGQVRLLLGALQSLLGTQLPPQGRTTAHKD 
PNAIFLSFQHLLRGKVRFLMLVGGSTLCVRRAPPTTAX 12 X 13 SRTSLVLTLNEL 

X 1 is A, E; 
X 2 is S, W; 

X 3 is A or T or K, S or M; 

X'isA.T; 

X 5 isR,A; 

X 6 is AorTor Q; 

X 7 is A or T or I; 

X 8 isAorTorV; 

X 9 is A or T or S or L; 

X ,0 isAorL; 

X u isAorSorE; 
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X 12 is Nor A or T or R or E or D or G or H orP or K or Q or V; 
X 13 isAorP, 

and whereby simultaneously X 1 =E,X 2 = W,X 3 = M,X 4 = T X 5 = A X 6 = Q X 7 = I 
X8 = V .X 9 = L>X"> = L,X»=E,X* 2 = V^ ' 
representing the native human TPO. 

A modified TPO molecule (M) as specified having a protein sequence selected from the 
group consisting of Ml to M67, wherein Ml -M67 are specified in Table Al. 
A modified TPO molecule (M) as specified having aprotein sequence of Ml, M67 or M68 
as specified in Table Al. 

A fusion protein of the structure 
F-(L)n-M 

comprising a modified human TPO molecule (M) as specified, fused directly (n = 0) or 
indirectly (n = 1) via a linker molecule (L) to a human immunoglobulin heavy constant 
region domain (F). 

A fusion protein as specified, wherein F is an Fc domain, optionally comprising a hinge 
region, wherein this hinge region may be modified. 

A fusion protein as specified wherein the C-terminus of the human immunoglobulin heavy 
constant region domain (Fc domain) is linked directly or indirectly to the N-terminus of 
the modified TPO. 

A dimeric fusion protein comprising two monomeric fusion protein chains as specified 

A fusion protein as specified, wherein said TPO portion contains one or more of the amino 

acid substitutions M55K, A60R and V161A within the TPO domain. 

A fusion protein as specified, wherein said TPO portion has the formula / structure (M)- 

SPAPPACDLRVLSKLLRDSHVLHSRLSQCPEVHPLPTPVLLPAVDPSLGX 1 X 2 KTQX 3 EEX 4 KX 5 X 6 D 

x 

PNAIPLSFQHLLRGKVRPLMLVGGSTLCVRRAPPTTAX 12 X 13 SRTSLVLTLNEL 

X 1 is A, E; 
X 2 is S, W; 

X 3 is A orT orK, S or M; 

X 4 isA,T; 

X 5 isR,A; 

XSsAorTorQ; 

X 7 isAorTorI; 
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X 8 is AorTorV; 
X 9 is AorTorSorL; 
X 10 is A or L; 
X" is A or S or E; 

X ,2 isNorAorTorRorEorDorGorHorPorKorQorV 
X I3 isAorP, 

and whereby simultaneously X 1 = E, X 2 = W, X 3 = M X 4 = T X 5 =A X 6 = Q X 7 = I 
X 8 = V,X^L,X- = L,X"=E,X- = VandX' 3 =Paree X cluded. ' ' " 

A fusion protein as specified in Table A5 or A6, wherein said TPO portion has aprotein 
sequence selected from the group Ml to M67, wherein Ml - M67 are specified in Table 
Al. 

A fusion protein as specified in Table A5 or A6, wherein F has the sequence Fl as 
specified in Table A3. 

A fusion protein as specified in Table A5 or A6, wherein L has the sequence LI as 
specified in Table A4. 

A fusion protein as specified selected from the group consisting of amember of Table A7. 
A fusion protein selected from the group consisting of 
F-M1,F-L-M1,F1.-L1-M1; 

F-M66,F-L-M66,F1-L1-M66, and 
F - M67, F - L - M67, Fl - LI - M67, 

wherein F is an immunoglobulin heavy chain constant region, Fl is the immunoglobulin 
heavy chain constant region of Table A3, L is a linker molecule, and LI is the linker 
peptide of Table A4. 

A peptide molecule selected from the group consisting of 
GEWKTQMEETKAQD I LGAVTLLLEGVM , 
PTTAVPSRTSLVLTL ; 

or a sequence track consisting of at least 9 consecutive amino acid residues of any of said 
peptide molecules having a potential MHC class n binding activity and created from the 
primary sequence of non-modified human TPO in its truncated form (1 - 174), whereby 
said peptide molecule or sequence track has a stimulation index of > 1 .8 in a biological 
assay of cellular prohferation and said index is taken as the value of cellular proliferation 
scored following stimulation by a peptide and divided by the value of cellular proliferation 
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scored in control cells not in receipt peptide and wherein cellular proliferation is measured 
by any suitable means. 

• Use of said peptide molecule for the manufacture of a vaccine in order to reduce 
immunogenicity to TPO in a patient 

• A modified peptide molecule deriving from any peptide molecule as specified having a 
reduced or absent potential MHC class E binding activity expressed by a stimulation index 
of less than 2, whereby said index is taken as the value of cellular proliferation scored 
following stimulation by a peptide and divided by the value of cellular proliferation scored 
in control cells not in receipt peptide and wherein cellular profiferation is measured by any 
suitable means. 

. Use of said modified peptide molecule for the manufacture of a modified TPO molecule 
a fusion protein comprising an Fc portion of an immunoglobulin and said modified TPO. 

• A modified TPO molecule having the biological activity of human thrombopoietin and 
comprising a human Fc domain and containing at least the amino acid substitutions A60R 
and V161 A within the thrombopoietin domain and being further characterised by 
exhibiting a relative activity of around 1.0; 

• A modified TPO molecule having the biological activity of human thrombopoietin and 
comprising a human Fc domain and containing at least the amino acid substitutions M55K; 
A60R and V161 A within the thrombopoietin domain and being further characterised by 
exhibiting a relative activity of around 0.4; 

The mutant proteins of the present invention are readily made using recombinant DNA 
techniques well known in the art and the invention provides methods for the recombinant 
production of such molecules. 

In as far as this invention relates to modified TPO, compositions containing such modified 
TPO proteins or fragments of modified TPO proteins and related compositions should be 
considered within the scope of the invention. In another aspect, the present invention relates 
to nucleic acids encoding modified TPO entities. In a further aspect the present invention 
relates to methods for therapeutic treatment of humans using the modified TPO proteins. 
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In nature, the mature TPO protein is single polypeptide of 332 amino acids The amino acid 
sequence of TPO (depicted as single-letter code) is as follows (M68): 

SPAPPACDLRVLSKLLRDSHVLHSRLSQCPEVHPLPTPVLLPAVDFSLGEWKTQMEETKAQDILGAVTL 
LLEGVMAARGQLGPTCLSSLLGQLSGQVRLLLGALQSLLGTQLPPQGRTTAHKDPNAIFLSFQHLLRGK 
VRFLMLVGGSTLCVRRAPPTTAVPSRTSLVLTLNELPNRTSGLLETNFTASARTTGSGLLKWQQGFRAK 
IPGLLNQTSRSLDQIPGYLNRIHELLNGTRGLFPGPSRRTLGAPDISSGTSDTGSLPPNLQPGYSPSPT 
HPPTGQYTLFPLPPTLPTPWQLHPLLPDPSAPTPTPTSPLLNTSYTHSQNLSQEG 

The mature protein comprises distinct regions with the N-terminal domain highly conserved 
between mouse and man and significant homology with erythropoietin and interferon-alpha 
and interferon-beta [de Sauvage, FJ. et al (1994) Nature 369: 533-538; Chang, M. et al (1995) 
J. Biol. Chem. 2J0: 511-514]. The C-terminal domain has several sites for N-linked 
glycosylate. The N-terminal domain is sufficient for the thrombopoietic effect of the 
molecule whereas the C-terminal region is likely important in maintaining the circulating half- 
life in vivo [Foster, D. et al (1996) Stem Cells 14: 102-107]. 

The term "TPO" is used herein to denote human thrombopoietin. In some instances the term 
is also used more broadly herein to include fusion proteins (see below) comprising a TPO 
moiety and or more especially a TPO mutein. 

The term "mutein" is used herein to denote a TPO protein engineered to contain one or more 
amino acid substitutions differing from the above native sequence. 

In addition, the TPO muteins of the invention each represent a truncated version of the native 
sequence and comprise residues only residues 1 - 174 of the above sequence thereby 
encompassing the complete N-terminal domain of the native protein. 
"TPO muteins" and "TPO fusion proteins" according to the invention refer to proteins 
comprising a TPO domain of 174 residues. 

Other TPO muteins and TPO fusion proteins comprising more or less than 174 residues of 
TPO sequence may be contemplated and fall under the scope of the present. Thus TPO fusion 
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proteins comprising residues 1 - 164 or 1-165 or 1-166 or 1-167 or 1-168 or 1-169 or 1-170 or 
1-171 or 1-172 or 1-173 can be contemplated and may be expected to have properties 
equivalent to the preferred molecules of the invention. 

5 The term "peptide" as used herein, is a compound that includes two or more amino acids. The 
amino acids are linked together by a peptide bond. 

A peptide bond is the sole covalent linkage between amino acids in the linear backbone 
structure of all peptides, polypeptides or proteins. The peptide bond is a covalent bond, planar 
in structure and chemically constitutes a substituted amide. An "amide" is any of a group of 
10 organic compounds containing the grouping -CONH-. 

There are 20 different naturally occurring amino acids involved in the biological production of 
peptides, and any number of them may be linked in any order to form a peptide chain or ring. 
The naturally occurring amino acids employed in the biological production of peptides all 

15 have the L-configuration. Synthetic peptides can be prepared employing conventional 

synthetic methods, utilizing L-amino acids, D-arnino acids, or various combinations of amino 
acids of the two different configurations. Some peptides contain only a few amino acid units. 
Short peptides, e.g., having less than ten amino acid units, are sometimes referred to as 
"oligopeptides". Other peptides contain a large number of amino acid residues, e.g. up to 100 

20 or more, and are referred to as "polypeptides". By convention, a "polypeptide" may be 
considered as any peptide chain containing three or more amino acids, whereas a 
"oligopeptide" is usually considered as a particular type of "short" polypeptide. Thus, as used 
herein, it is understood that any reference to a "polypeptide" also includes an oligopeptide. 
Further, any reference to a "peptide" includes polypeptides, oligopeptides, and proteins. Each 

25 different arrangement of amino acids forms different polypeptides or proteins. The number of 
polypeptides-and hence the number of different proteins-that can be formed is practically 
unlimited. 

Since the peptide bond is the sole linkage between amino acids, all peptides, polypeptides or 
proteins have defined termini conventionally referred to as the '^-terminus" or '^-terminal" 
30 residue and the "C-terrninus" or "C-terminal residue". The N-terrninal residue bears a free 
amino group, whereas the C-terminal residue bears a free carboxyl group. 
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All sequences of consecutive amino acids accordingly have an orientation N-temrinal to C- 
temnnaL Where fusion proteins are constitnted or differing domains are connected within a 
protem species their relative orientation may be described as ^-tormina." or "C-ternunaT. 

5 ^^'^"^""^^^'"^'"^^molecn. e comprising fwo or more 
m the toon protein may be directly coupled or may be joined via a tinker peptide. 

A "linker" or "linker peptide" refers herein ,o a peptide segment joining two moieties of fusion 
» ptotem. Anexampfeofalinkerpeptideisprovidetibytheamfnoacidseqnence 

(G), S (G) 4 S(G),SG. However, also other tinker peptides, preferably having 4 -20 amino acid 

cT't "k \T ™ 0r6i * g 10 ^ **» " 0f *» »— mention 
contam such a tinker but not all fusion proteins contain a linker. 

lesion proteins are commonly produced by means of recombinant DNA techniques and as 
such can be considered artificial proteins having no direc, counterparts in natore (natoral 
toon proteins can arise, for example via chromosomal translocation, bu, are no, considered 
hen* An example of a toon protein is a toon in which an immunog 1 obntin Fc region is 
Placed a, the N-temrinus of another protein such as TPO. Such a toon is tertned an "FoX" 
fasten, where X is a ligand (such as TPO) and FoX proteins have a number of distinctive 
advantageous biological properties. In particular, whereas such toon proteins can still bind 
fl* . relevant Fc receptors on cell surfaces, when the ligand binds to its receptor, tire orientation 
of the Fc regmn is altered such that antibody-dependent cell-mediated cytotoxicity and 
complement fixation are activated by the sequences present in the Fc domain. 

Thetenn .•immunog 1 obutin» is used herein to refer to a protein consisting of one or more 
polypeptides substantially encoded by immunoglobulin genes. The recognised 
nnmunogtobnlin genes include the kappa, .ambda, alpha, gamma (IgGl, IgG2, IgG3 IgG4) 
stgrna, epsilon, and „ constant region genes and in natore multip.e immunoglobulin variable' 
region genes. 



The term Fc is used herein to refer to an immunoglobulin heavy chain 



constant region domain. 
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The term "T-cell epitope" means according to ^ rf m _ 

actd sequence which is able ,o bind MHC class H, aMe to stimulate T-ceUs and / or also to 
bmd (without necessarily measurably activating) T-eella in complex with MHC olass H. 

reduced ^-ogemcitycompa^to aparentprotem orto amsionprotemeorrtaming me 
wild-type (WD or native amino acid sequences of the test moiety. 

The term «immunogenicit y » includes an ability to provoke, induce or otherwise facilitate a 
.0 humoral and or T-cell mediated response in a host animal and in particular where the -host 
animal" is a human. 

lie terms 'T-ceU assay and '•immunogenic^ assay" concern « vrvo measures of immune 
reactivity. As such these involve a test immuuogen e.g. a protein or peptide being hrough, into 
contact wrth hve human immune colls and their reactivity measured. A t^ical parameter of 
mduced reactivity is proliferation. The presence of suitable control determinations are critical 
and implicit in the assay. 



15 



20 



25 



30 



"Tune course assay" refers to a biological assay such as a proliferation assay in which 
detections of activity are made sequentially over a period of time. In the present context 
a "time course T-cell assay", refers to the determination of T-cell proliferation in response to a 
test unmunogen (peptide) at multiple times following exposure to the test immuuogen The 
terms "time course T-cell assay" and "time course immunogenicity assay" may be used 
interchangeably herein. 

One conventional way in which T-cell assays are expressed is by use of a ••summation index" 
or sr. The summation index (Sf, is conventionally derived by division of the proliferation 
score (e.g. counts per minute of radioactivity if using for example 3 H-fhymidine incorporation) 
measured to a test immuuogen such as a peptide by the score measured in celia not contacted 
wtth a test immunogen. Test immuuogens (peptides) which evoke no response give SI - 1 0 
although in practice SI values in the range 0.8 - 1.2 are unremarkable. The inventors have 
eatabhshed that in the operation of snch immunogenic^ assays, a stimulation index equal to 
or greater than 2.0 is a useful measure of aiguificant induced proliferation 
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PBMC means peripheral Mood mononuclear oeUs in particular as obtained from a sample of 
blood from a donor. PBMC are readily isolated from whole blood samples using a density 
gradtent centrifugation technique well understood in the art and comprise predominantly 
lymphocytes (B and T cells) and monocytes. Other cell types are also represented. 

"Relative activity means according the present context activity measured for a test ptotein in 
any smgle assay expressed relative to the activity measured for a positive control protein in an 
.denncal assay and usually conducted in parallel. Thus if the test protein and the control 
protein have the same measured activity the relative activity is said to be 1 . 

A "proliferation assay" according to the present context means a biological assay able to 
prov.de a reading of the functional capability of the test protein. In the present instance this 
means the ability of a given TPO mutein or TPO fusion protein to evoke a specific measurable 
prohferative response in a live cel.. Particularly suitable proliferation assays are exemplified 
herein using TF-1 cells or M0-e7 cells. Other cells and assay formats can be contemplated to 
also provide quantitative estimations of specific activity of the test molecules and permit ED 50 
determinations. 

In another aspect, the present invention relates to nucleic acids encoding modified TPO 
entities. Such nucleic acids are preferably comprised within an expression vector. Thecontrol 
sequences that are suitable for prokaryotes, for example, include a promoter, optionally an 
operator sequence, and a ribosome binding site. Eukaryotic cells are known to utilise 
promoters, enhancers and polyadenylation signals. Such nucleic acids in general comprise a 
selection means typically an additional gene encoding a protein able to provide for the survival 
of the host cell. An example of such a selection gene is the beta-lactamase gene suitable for 
some E.coli host cells and this and others are well known in the art ["Molecular Cloning- A 
Laboratory Manual", second edition (Sambrook et al., 1 989); "Gene Transfer Vectors for 
Mammalian Cells" (J. M. Miller & M. P. Calos, eds., 1 987); "Current Protocols in Molecular 
Biology" (F. M. Ausubel et al., eds., 1987)]. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another 
nuclexc acid sequence. For example, DNA for a pre-sequence or secretory leader is operably 
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linked to DNA for a polypeptide if it is expressed as a pre-protein that participates in the 
secretion of the polypeptide; a promoter or enhancer is operably linked to a coding sequence if 
it affects the transcription of the sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate translation. Generally, "operably linked" 
means that the DNA sequences being linked are contiguous, and, in the case of a secretory 
leader, contiguous and in the same reading frame. However, enhancers do not have to be 
contiguous. Linking is accomplished by ligation at convenient restriction sites. Ifsuchsites 
do not exist, the synthetic oligonucleotide adaptors or linkers are used in accordance with 
conventional practice. 



Ia some embodiments the expression vector comprises a nucleic acid sequence encoding a 
TPO variant operably linked to an expression control sequence. In various embodiments the 
expression vector comprises a nucleic acid sequence encoding a TPO protein selected from the 
group comprising inclusively Ml to M68. Such an expression vector will comprise at least the 

15 TPO encoding domain of one of the said proteins operably linked with suitable expression 
control and selection sequences. Such an expression vector would include degenerate versions 
of the nucleic acid wherein degeneracy in relation to polynucleotides refers to the fact well 
recognised that in the genetic code many amino acids are specified by more than one codon 
The degeneracy of the code accounts for 20 different amino acids encoded by 64 possible 

20 triplet sequences of the four different bases comprising DNA. 

Another aspect of the present invention is a cultured cell comprising at least one of the above- 
mentioned vectors. 

25 A further aspect of the present invention is a method for preparing the modified TPO 

comprising culturing the above mentioned cell under conditions permitting expression of the 
TPO from the expression vector and purifying the TPO from the cell. 

In a yet further aspect, the present invention relates to methods for therapeutic treatment of 
30 humans using the TPO compositions. For administration to an individual, any of the modified 
compositions would be produced to be preferably at least 80o/ 0 pure and free of pyrogens and 
other contaminants. It is further understood that the therapeutic compositions of the TPO 
proteins may be used in conjunction with a pharmaceutically acceptable excipient. The 
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phannaceutical compositions according to the present invention are prepared conventionally 
composing substances that are customarily used in pharmaceuticals, e.g. Remington's 
Pharmaceutical Sciences, (Alfonso R. Gennaro ed. 18* edition 1990), including excipients 
carriers adjuvants and buffers. The compositions can be administered, e.g. parenteral^ 
enteraUy, intramuscularly, subcutaneously, intravenously or other routes useful to achieve an 
effect. Conventional excipients include pharmaceutically acceptable organic or inorganic 
earner substances suitable for parenteral, enteral and other routes of administration that do not 
deleteriously react with the agents. For parenteral application, particularly suitable are 
injectable sterile solutions, preferably oil or aqueous solutions, as well as suspensions 
emulsions or implants, including suppositories. Ampules are convenient unit dosages The 
phannaceutical preparations can be sterilised and, if desired, mixed with stabilisers, wetting 
agents, emulsifiers, salts for influencing osmotic pressure, buffers or other substances that do 
not react deleteriously with the active compounds. 

The major embodiments of the present invention are encompassed by the TPO protein 
sequences Ml - M67 and the fusion protein sequences F - Ml to F - M 67, or F - L - Ml to 
F-L-M67, orFl -LI -Ml toFl -LI -M67. The proteins are fusion proteins of the type 
Tc-X" wherem X in this present instance comprise TPO muteins. The TPO proteins are 
expressed in mammalian cell-lines as a C-terminal fusion partner, linked to the Fc unit of 
human IgG 4 . The TPO sequence is fused preferably to the C-terminus of a hinge 
modified/C„2/C H 3 Fc region of human IgG 4 via a 15 amino acid flexible linker between the C- 
terminus of the C„3 and the N-terminus of TPO. The TPO domain comprises only residues 1- 
174 of the native counterpart. The amino acid sequence of the linker was as follows: 
(G) 4 S(G) 4 S(G) 3 SG. The expressed fusion protein had a stoichiometry of (hinge-C H 2-C H 3- 
linIcer-TPO ( ,. 174) ) 2 . 

Human Fc-gamma 4 was used as the fusion partner in all preferred molecules, but it can be 
readriy recognised that in principle other isotypes could equally be used. In the present 
instance, immune effector functions are not desirable for a therapeutic TPO molecule In 
contrast to some other human Fc isotypes, the Fc-gamma 4 isotype does not support 
complement activation and antibody-dependent cell-mediated cytotoxicity (ADCQ and 
therefore selected for as the most preferred fusion partner. 



was 
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Where the -Fc-X" approach has been used in other molecules, suoh as for example Fc-XLIO 
and ILiO-Fc, the in vivo half-life in mice was extended front minn.es ,o greater than 30 hours 
[Lo K-M, et al (1998) Protein Engineering- U : 495-500; Gilhes SD.et al (1999) Cancer 
ResearcH; 59: 2159-2,66; ZhengX. X. et al (1995) Journal of Mn^U^, ^ 5590-5600] 
Sumlarly, where an »X-Fc»molecu,e has been used as a therapeutic in humans, the serum 
half-Ufe is recorded a. 3 days [Korth-Bradley JM, e, si (2000) A™* ofPHam.aco.Herapy; 
34: 161-164]; 

The inventors have provided TPO fusion proteins that show increased activity compared to the 
fusaon proteins containing the wild-type (WT) TPO moiety. The «WT» or "native" fusion 
proteins constructed herein has been designated clone ID 00 (M68, F - M68. F-L-M68 Fl 
-L1-M68). ' 



15 



^^"^'"^ymTV.lc^met.anvcMonpm.etahnsbe^lbundmhavean 
H*. value of around 12.0ng/ml in some detemunations and when usiug M0-7e cells, around 
25.0ng/ml in some determinations 



By contrast, it has been somewhat surprisingly found mat a most preferred molecule of the 

mvennon^l.P-Ml.P-L-Ml.Fl-U-MOhaaan^valueinTF-l cellsofareuud 
1 1.5ng/mlm some detemunations and when using M0-7e cells an ED50 of around 18.0ng/ml 
Gtven that this molecule is a TPO mutein, these results indicate tha, the changes .0 the 
sequence have had a beneficial effect on direct functional activity. 

U.e Fc-domain is demonstrated by comparison of the ED* values found using the full size 
(non-Fc linked) human TPO molecule in TF-1 and E0-7e based proliferation assays In the 
present studies, monomeric fell-lengm recombinant human (r-hTFO) TPO achieves an ED» of 
around 29.5ng/ml using TF-1 cells and around 70.0ng/ml using M0-7e ceUs. A most preferred 
molecule of the invention therefore demonstrates approximately between 2.5 - 4.0 fold 
30 enhanced activity over r-hTPO. 

A further example of an especially preferred molecule of the invention with significantly 
enhanced activity provided by the TPO mutein containing the substitution set M55K, A60R, 
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V161 A (M67, F - M67. F - L - M67, Fl - LI - M67). This protein is highly potent in the 
TF-1 assay with a relative activity of 0.4. This molecule is therefore more active even than a 
TPO fusion protein with a WT TPO domain (M68, F - M68. F - L - M68, Fl - LI - M68). 

5 Although the M55K, A60R, V161A (M67, F - M67. F - L - M67, Fl - LI - M67 ) mutein is 
clearly a highly potent molecule, this mutein is not as active as the mutein comprising only the 
M55K and A60R substitutions (M66, F - M66. F - L - M66, Fl - LI - M68). This mutein 
demonstrates a relative activity of 0.2 in the TF-1 assay. 

10 Accordingly therefore, the TPO proteins Ml, M66 and M67 including their different fusion 
structures as indicated above and below, are especially preferred molecules of the invention. 



The TPO muteins of the present were constructed to be less immunogenic than the parental 
molecule. The design of individual muteins was directed from immunological considerations 

15 as well as functional activity data. Two regions of immunological importance within the N- 
domain of the molecule were defined using screening assays involving use of PBMC 
preparations from healthy donor subjects. This approach has proven to be a particularly 
effective method for the identification such biologically relevant immunogenic peptides and is 
disclosed herein as an embodiment of the invention. In the present study, the method has 

20 involved the testing of overlapping TPO-derived peptide sequences in a scheme so as to scan 
and test the TPO sequence comprising residues 1- 177. Such a scan required synthesis and use 
of 55 peptides each of 15 residues in length. The synthetic peptides were tested for their 
ability to evoke a proliferative response in human T-cells cultured in vitro. Where this type of 
approach is conducted using naive human T-cells taken from healthy donors, the inventors 

25 have established that a stimulation index equal to or greater than 2.0 is a useful measure of 
induced proliferation. 

Two epitope regions were identified in these studies. Region 1 encompasses TPO residues 49 
- 75 and comprises the sequence: gewktqmeetkaqdilgavtlllegvm. Region 2 
30 encompasses TPO residues 157-171 and comprises the sequence: PTTAVPSRTSLVLTL. 



The Rl and R2 peptide sequences represent the critical information required for the 
construction of modified TPO molecules in which one or more of these epitopes is 
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compromised. Equally, The Rl and R2 peptide sequences represent the critical information 
required for the production of tolerogenic peptides. Epitope regions Rl and R2 are each 
embodiments of the invention. 

5 Under the scheme of the present, the epitopes are compromised by mutation to result in 

sequences no longer able to function as T-cell epitopes. It is possible to use recombinant DNA 
methods to achieve directed mutagenesis of the target sequences and many such techniques are 
available and well known in the art. Broadly, the TPO muteins herein were constructed 
containing mutations within the two identified immunogenic regions Rl and R2. Individual 

10 residues were targeted based upon the known binding properties of HLA-DR molecules in that 
they have an almost exclusive preference for a hydrophobic amino acid in pocket 1 and that 
this is the most important determinant of peptide binding [Jardetzky, T.S. et al (1990), EMBO 
J. 9: 1797-1803; Hill, CM. et al (1994) J. Immunol 152: 2890-2898]. Exhaustive mutational 
analysis identified those residues within these regions that could be altered without adversely 

15 affecting the activity of the fusion protein. Choice of alternate residue was guided comparison 
to other TPO proteins from other species. Buried residues were replaced with either alanine or 
similar sized non-hydrophobic residues whereas exposed residues were scanned with all 
possible non-hydrophobic alternatives. 

20 The general method of the present invention leading to the modified TPO comprises the 
following steps: 

(a) determining the amino acid sequence of the polypeptide or part thereof; 

(b) identifying one or more potential T-cell epitopes within the amino acid sequence of the 
protein by any method including determination of the binding of the peptides to MHC 

25 molecules using in vitro or in silico techniques or biological assays; 

(c) designing new sequence variants with one or more amino acids within the identified 
potential T-cell epitopes modified in such a way to substantially reduce or eliminate the 
activity of the T-cell epitope as determined by the binding of the peptides to MHC molecules 
using in vitro or in silico techniques or biological assays. Such sequence variants are created 

30 in such a way to avoid creation of new potential T-cell epitopes by the sequence variations 
unless such new potential T-cell epitopes are, in turn, modified in such a way to substantially 
reduce or eliminate the activity of the T-cell epitope; and 
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(d) constructing such sequence variants by recombinant DNA techniques and testing said 
variants in order to identify one or more variants with desirable properties according to well 
known recombinant techniques. 

5 Taken together, the inventors have been able to define improved TPO proteins which can be 
depicted by the following structure (M): 

SPAPPACDIJlVLSKLLRDSHVLHSRLSQCPEVHPLPTPVLLPAVDFSLGX l X 2 KTQX 3 EEX 4 KX 5 X 6 DX 7 L 
GAX 8 TX s LX 10 X ai GVMAARGQLGPTCLSSLL(^LSG<2VRLLLGALQSLLGTQLPPQGRTTAHKDPNAIFL 
SFQHLLRGKVRPLMLVGGSTLCVRRAPPTTAX 12 X 13 SRTSLVLTLNEL 

10 X 1 is A, E; 
. X 2 is S, W; 

X 3 is A or T orK, S orM; 

X 4 isA,T; 

X 5 is R, A; 
15 X 6 is A or T or Q; 

X 7 is A or T or I; 

X 8 is A or T or V; 

X 9 is AorTorS orL; 

X 10 is A or L; 
20 X l, isAorSorE; 

X 12 isNorAorTorRorEorDorGorHorPorKorQorV; 
X 13 isAorP, 

and whereby simultaneously X 1 = E, X 2 = W, X 3 = M, X 4 = T, X 5 = A, X 6 = Q X 7 = I 
X 8 = V, X 9 = L, X 10 = L, X 11 = E, X 12 = V and X 13 = P are excluded, ' 
25 or, alternatively, fusion proteins of the structure: 

F-(L)n-M, 

wherein M has the meaning as specified above, F is an immunoglobulin heavy chain constant 
region, preferably an Fc portion, and L is an optional linker molecule (n - 0, 1), preferably a 
peptide linker having 4-20 amino acid residues. Preferably the Fc region derives from human 
30 IgG4 an may be linked at its N-terminal to a hinge region, which may be modified in order to 
reduce immunogenicity or to improve other desired properties. 
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The following, figures, sequence listing and examples are provided to aid the understanding of 
the present invention. It is understood that modifications can be made in the procedures set 
fourth without departing from the spirit of the invention. 

5 

DESCRIPTION OF THE SEQUENCES 

To aid the understanding of the invention, Table 1 below sets out a description of the fusion 
protein TPO muteins. The derivation and properties of these proteins are also more fully 
disclosed in the examples. 

10 

Table 1 



uione 1 1 j 


ouostitution(s)* 


Fl-Ll-M 
Sequence No. 


37101 


A60R, V161A 


Ml 


1394867 


I63A, V67T, V161N, P162A 


M2 


12394867 


I63T, V67A, V161N, P162A 


M3 


1374972 


M55A, I63A, V67A, V161A 


M4 


1374973 


M55T, I63A, V67A, V161A 


M5 


12484973 


M55T, I63T, V67A, V161A 


M6 


1374968 


Q61A, I63A, V67A, V161A 


M7 


12484968 


Q61A, I63T, V67A, V161T 


M8 


124849 


I63T, V67A, V161T 


M9 


123749 


I63T, V67A, V161A 


M10 


13749 


I63A, V67A, V161A 


Mil 


14849 


I63A, V67A, V161T 


M12 


124860 


I63T, V67T, V161T 


M13 


3849 


V67A, V161R 


M14 


4849 


V67A, V161T 


M15 


3760 


V67T, V161A 


M16 


4860 


V67T, V161T 


M17 


3749 


V67A, V161A 


M18 
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4249 


1 V67A, VI 6 IE 


1 M19 


1248 


I63T, V161T 


M20 


1238 


I63T, V161R 


M21 


1242 


I63T, V161E 


M22 


1237 


I63T, V161A 


j M23 


149 


I63A, V67A 


1 M24 


160 


I63A, V67T 


M25 


1249 


I63T, V67A 


j M26 


137 


I63A, V161A 


| M27 


142 


I63A, V161E 


M28 


138 


I63A, V161R 


| M29 


148 


I63A, V161T 


I M30 


6063 


r E50A, V67T 


j M31 


163 


E50A, I63A 


M32 


1263 


E50A, I63T 


M33 


4263 


E50A, V161E 


M34 


37 


V161A 


M35 


40 


VI 6 ID — 1 


M36 


42 \ 


V161E —\ 


M37 


43 | 


V161G " — ] 


M38 


44 j 


V161H 


M39 


39 


V161N 


M40 


46 j 


V161P 4 


M41 


45 


V161K ' "j 


M42 


41 


V161Q — 4 


M43 


38 | 


V161R — I 


M44 


48 f 


V161T — r 


M45 


49 j 


V67A • 4 


M46 


60 


V67T ""T 


M47 


1 i 


I63A 4 


M48 


12 \ 


I63T ' J 


M49 


68 ! 


Q61A 4" 


M50 
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69 


Q61T 


M51 


72 


M55A 


M52 


102 


M55K 


M53 


74 


M55S 


M54 


73 


M55T 


M55 


100 


T58A 


M56 


35 


W51S 


M57 


63 


E50A 


M58 


77 


L69A 


M59 


78 


L69S 


M60 


79 


L69T 


M61 


83 


L71A 


M62 


86 


E72A 


M63 


87 


E72S 


M64 


101 


A60R 


M65 


101102 


M55k, A60R 


M66 


37101102 


M55k, A60R, V161A 


M67 


00 


WT 


M68 



The residue numbering for the TPO substitutions commences from residue 1 of the TPO 
reading frame and is independent of any Fc component. 



Table A1 

M1 - M67 (modified human TPO, truncated form 1-174) 

M1 

S P 
P T 
L E 
S L 
P L 



APPACDLRVLSKLL 
PVLLPAVDFSLGEW 
GVMAARGQLGPTCL 
LGTQLPPQGRTT 
MLV-GGSTLCVRR 



R D S H V L 

K T Q M E E 

S S L L G Q 

AHKDP. NAI 

P T T A A P 



A P 



HSR 
T K R 
L S G 
P L S 
S R T 



M2 

SPAPPACDLRVLS 
PTPVLLPAVDFSL 
LEGVMAARGQLGP 
SLLGTQLPPQGRT 
FLMLVGGSTLCVR 



K L L R D S H*V L H S R 
GEWKTQMEETKA 
TCLSSLLGQLSG 
TAHKDPNA'IFLS 
RAPPTTANASRT 



LSQCPEVHPL 
QDILGAVTLL 
QVRLLLGALQ 
FQHLLRGKVR 
SLVLTLNEL 



LSQCPEVHPL 
QDALGATTLL 
QVRLLLGALQ 
FQHLLRGKVR 
SLVLTLNEL 
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M3 

VLLPAVDPSLGEWKTQMEETKAQD GaI? 
FLMLVGGSTLCVRRAPPTTANASRTSLVLTLNEL 



M4 



SPAPPACDLRVLSKLLRDSHVLHSRLSQCPEVHPT 
10 PTPVLLPAVDFSLGEWKTQAEET AO A 51 

legvmaargqlgptclssSlgq n 

SLLGTQLPPQGRTIAHKDPNA qh !5, 

FLMLVGGSTLCVR R' A PPTTAAPSRTSLVLTLNEL 

15 M5 

S. PAPPACDLRVLSKLLRDSHVLHSRLSQCPEVHPT 
PIPVLLPAVDFSLGEWKTQTEETKA S gaI 

LEGVMAARGQLGPTCLSSLLGQLSG§v$L?f?I?n 

sllgtqlppqgrttahkdpna?flsfqhllrg5v? 
20 flmlvggstlcvrrappttaapsrtslvltlnel 

M6 

SPAPPACDLRVLSKLLRDSHVLHSRLSQCPEVHPT 

ptpvllpavdfslgewktqteetkaqdtlgaI?t? 

sllgtqlppqgrttahkdpnaiflsfqhllrgkvS 
flmlvggstlcvrrappttaapsrtslvl^lneI 

M7 

30 spappacdlrvlskllrdshvlhsrlsqcpevhpt 
ptpvllpavdfslgewktqmeetkaadalgaI?ll 
legvmaargqlgptclssllgqlsgqvrlllgIlq 
sllgtqlppqgrttahkdpnaiflsfqhllrgkvr 

^ PLMLVGGSTLCVRRAPPTTAAPSRTSuJSuU 
M8 

SPAPPACDLRVLSKLLRDSHVLHSRLSQCPEVHPT 

40 sllgtqlppqgrttahkdpnaiflsfqhllrgkvr 

FLMLVGGSTLCVRRAPPTTATPSRT 



R 



LVLTLNEL 



M9 

a* f^ PPACDLRVLSKLLRDSHV LHSRLSQCPEVHPL 

LEGVMAARGQLGPTCLSSLLGQLSGQVRLLLGALO 
SLLGTQLPPQGRTTAHKDPNAIFLSFQHLLRGKVR 

flmlvggstlcvrrappttatpsrtslvl^lneI 

50 M10 

spappacdlrvlskllrdshvlhsrlsqcpevhpt 
ptpvllpavdfslgew K tqmeetkaqd?lgaI?ll 

" " n P 5 n r I 2 ° L ° P T C L S S L L G Q L S G Q V R L L L G A L Q 
GTQLPPQGRTTAHKDPNAIFLSFOHT T ontr.r^ 
55 FLMLVGGSTLCVRRAPPT^,"»S!?"^?. C !^ VR 



APPTTAAPSRTSLVLTL 



N E L 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



M11 

SPAPPACDLR 
PTPVLLPAVD 
LEGVMAARGQ 
SLLGTQLPPQ 

FLMLVGGSTL 



V L S K L L R 

F S L G E W K 

L G P T C L S 

G R T T A H K 

C V R R A P P 



D S H V L 

T Q M E E 

S L L G Q 

DP N A I 

T T A A P 



S R 

K A 

S G 

L S 

R T 



L 
Q 
Q 
F 
S 



S 
D 
V 
Q 
L 



Q 
A 
R 
H 
V 



C 
L 
L 
L 
L 



M12 
SPA 
T P 
E 
L 
L 



P E V H P 

G A A T L 

L L G A L 

L R G K V 

T L N E L 



L 

L 

Q 
R 



P 
L 
S 
F 



G 
L 
M 



PPACDLRVLSKLLR 

VLLPAVDFSLGEWK 

VMAARGQLGPTCLS 
GTQLPPQG RTTAHK 

LVGGSTLCVRRAPP 



M13 

SPAPPACDLRVLSKLLR 
PTPVLLPAVDFSLGEWK 
LEGVMAARGQLGPTCLS 
SLLGTQLPPQGRTTAHK 
FLMLVGGSTLCVRRAPP 



DSHVLHSRLSQCPEVHPL 
TQMEETKAQDALGAATLL 
SLLGQLSGQVRLLLGALQ 
DPNA.IFLSFQHLLRGKVR 
TTATPSRTSLVLTLNEL 

DSHVLHSRLSQCPEVHPL 
TQMEETKAQDTLGATTLL 
SLLGQLSGQVRLLLGALQ 
DPNAIFLSFQHLLRGKVR 
TTATPSRTSLVLTLNEL 



M14 
M15 

S P A P P A CD 
PTPVLLPA 
LEGVMAAR 
SLLGTQLP 
FLMLVGGS 



P E V H P L 

G A A T L L 

L L G A L Q 

L R G K V R 

T L N E L 



LRVLSKLLRD 
VDFSLGEWKM 
GQLGPTCLSS 
PQGRTTAHKD 
TLCVRRAPPT 



H V 

M E 

L G 

N A 

A T 



S R 

K A 

S G 

L S 

R T 



Q 
I 
R 
H 
V 



M16 

SPAPPACD 
PTPVLLPA 
LEGVMAAR 
SLLGTQLP 
FLMLVGGS 



P E V H P 

G A A T L 

L L G A L 

L R G K V 

T L N E L 



L 
L 

Q 
R 



L R V L S 

V D F S L 

G Q L G P 

P Q G R T 

T L C V R 



K L L R D 
G E W K. T 
T C L S S 
T A H K D 
R A P P T 



M17 

S P 



SHVLHSRLSQCPEVHPL 
QMEETKAQD ILGATTLL 
LLGQLSGQVRLLLGALQ 
PNAIFLSFQHLLRGKVR 
TAAPSRTSLVLTLNEL 



P 
L 
S 
F 



M18 

S p 

P T 
L E 



A P p 

P VL 

G V M 

L G T 

M L .V 



A P p 
P V L 
G V M 



A 
L 
A 

Q 
G 



A 
L 



A A 



L 
V 
G 
P 
T 



V 
F 
L 



L 
S 
G 
R 
V 



K 
G 
T 



L 
E 
C 
A 
A 



L R 

W K 

L S 

H K 

P P 



L L 
E W 
C L 



H 
M 
L 
N 
A 



V 
E 
G 
A 
T 



S 
K 
S 
L 
R 



R 
A 
G 
S 
T 



R 
A 
G 



S 
D 
V 

Q 
L 



S 
D 
V 



Q 
I 
R 
H 
V 



Q 
I 

R 



V H 

T T 

G A 

G K 

N E 



V H 
A T 
G A 



P 
L 
L 
V 
L 



L 
L 

Q 
R 



L 
L 
Q 



WO 2005/000891 



PCT7EP2004/006887 



- 26 - 



S L L G T 



QL'PPQGRTTAHKDPNATWT Q T? o w t t o^^, 
FLMLVGGSTLCVRRAPPTTAAPSRTSLVLTLNEL^ 
M19 

S P A P 
T P V 



P A C D L R 
PTPVLLPAVD 
LEGVMAARGQ 
SLLGTQLPPQ 
FLMLVGGSTL 

M20 

SPAPPACDLR 
PTPVLLPAVD 
LEGVMAARGQ 
SLLGTQLPPQ 
FLMLVGGSTL 



V L 

F S 

L G 

G R 

C V 



K L L R 

G E W K 

T C L S 

T A H K 

R A P P 



S 

Q 
L 
P 
T 



H V 
M E 



G 
A 
E 



K L 

G E 

T C 

T A 

R A 



L R D 
W K T 
L S S 
H K D 
PPT 



S H V L 

Q M E E 

L L G Q 

P N A I 

T A T P 



M21 

S P 



P 
L 
S 
F 



APPACDLR 
PVLLPAVD 
GVMAARGQ 
LGTQLPPQ 
MLVGGSTL 



V L 

F S 

L G 

G R 

C V 



S K L L R 

L G E W K 

T C L S 

T A H K 

R A P P 



P 
T 
R 



M22 
SPA 
T P 
E G 
L L 
L M 



P 
V 
V 
G 
L 



P A C D L 

L L P A V 

MA A R G 

T Q L P P 

V G G S T 



V L 

F S 

L G 

G R 

C V 



S K L L R 

L G E W K 

P T C L S 

T T A H K 

R R A P P 



S H V 
Q M E 
L L G 
P N A 
TAR 



S H V 

Q M E 

L L G 

P N A 



T A 



L 
E 

Q 
I 
P 



H 
T 
L 
F 
S 



S 
K 
S 
L 
R 



S R 

K A 

S G 

L S 

R T 



S R 

K A 

S G 

L S 

R T 



S Q 

D I 

V R 

Q H 

L V 



S Q 

D T 

V R 

Q H 

L V 



P 
G 
L 
L 
T 



E V 

A A 

L G 

R G 



H P 

T L 

A L 

K V 



L N E L 



E V H P 

A V T L 

L G A L 

R G K V 

L N E L 



L 
Q 
Q 
F 
S 



S Q 

D T 

V R 

Q H 

L V 



P E V H P 

G A V T L 

L L G A L 

L R G K V 

T L N E L 



M23 

SPAPPACDLR 
PTPVLLPAVD 
LEGVMAARGQ 
SLLGTQLPPQ 
FLMLVGGSTL 



M24 
SPA 
P T P 
LEG 
S L L 
F L M 



M25 
SPA 
T P 
E G 
L L 
L M 



P A C 
LLP 
M A A 
T Q L 
V G G 



P A C 
LLP 
M A A 
T Q L 
V G G 



D L R 
A V D 
R G Q 
P P Q 
STL 



D L R 
A V D 
R G Q 
P P Q 
STL 



C V 



S 
L 
P 
T 
R 



S 
L 
P 
T 
R 



S 
L 
P 
T 
R 



K L L R D 

G E W K T 

T C L S S 

T A H K D 

R A P P T 



K L L R 

G E W K 

T C L S 

T A H K 

R A P P 



D 
T 
S 
D 
T 



K L 

G E 

T C 

T A 

R A 



L R D 
W K T 
L S S 
H K D 
PPT 



S H V L 

Q M E E 

L L G Q 

P N A I 

T A A P 



S H V L 

Q M E E 

L L G Q 

P N A I 

T A V P 



S H V L 

Q M E E 

L L G Q 

P N'A I 

T A V P 



H 
T 
L 
F 
S 



H 
T 
L 
F 
S 



S R 

K A 

S G 

L S 

R T 



S 
K 
S 
L 
R 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



S Q 

D T 

V R 

Q H 

L V L 



E V H P 

A V T L 

L G A L 

R G K V 

L N E L 



Q C 

T L 

R L 

H L 

V L 



P E V H P 

G A V T L 

L L G A L 

L R G K V 

T L N E L 



S Q 

D A 

V R 

Q H 

L V 



L S Q 

Q D A 

Q V R 

F Q H 

S L V 



VHP 
A T L 
GAL 
G K V 
N E L 



L 
L 

Q 
R 



L 
L 
Q 
R 



L 
L 
Q 
R 



L 
L 
Q 
R 



L 
L 
Q 
R 



L 
L 
Q 
R 



E V H P L 

A T T L L 

L G A L Q 

R G K V R 

L N E L 



M26 

p^pHlSavh*^ 

PTPVLLPAVDFSLGEWKTQMEETKAQDTLGAATLL 



WO 2005/000891 



PCT/EP2004/006887 



- 27 



LEGVMAARGQLGPTCL«3c:t t ,-, ~ 

SLLGTQLPPQGRTTAHKnpS? QLSGQVRLLLG ALQ 
FLMLVGGSTLCVRRAppxTAVPSRTSLVLTLNE^ 



R 



L 



5 M27 

SLLGTQLPPQGRTTAHKDPMarw ^ 



M28 

PTPVLLPAVDFSLGEWKTQMEp HSRI ' S ^ C£,E1 ' Hplj 



L 



SLLGTQLPPQ G RTTAHKDPM^?S T GQVRLLLGAL Q 
M29 



M30 

legvmaargSlgp??lss??co?c AQDALGAVTL ^ 
30 sllgtqlppq G rttaSkd5S??S t SGQVRLLLGAL Q 

FLMLVGG S TLCVRR A ?p?^ A 5!^! F Q HL ^R G KVR 



L 



RRAPPTTAT 



PSRTSLVLTLNE 



M31 
40 M32 



M33 

SPAPPACDLR 



L 



^PVLLPA 5 I R ^ Q CPEVHPL 

LEGVMAARGQLGPTCLSSL^roT^a 

SLLGTQLPPQ G RTTASvno^ GQLSGQVRLLLG ALQ 



55 



WO 2005/000891 



PCT7EP2004/006887 



- 28 - 



10 



15 



20 



25 



30 



35 



40 



45 



50 



M34 
SPA 
P T P 
LEG 
S L L 
F L M 



P P 

V L 

V M 
G T 
L V 



C D L 
P A V 
A R G 
L P P 
GST 



V L 

P S 

L G 

G R 

C V 



K L L R 
GAWK 
T C L S 
T A H K 
R A P P 



S H V L 
Q M E E 



L L 
P N 
T A 



G Q 
A I 
E P 



M35 
SPA 
T P 
E G 
L L 
L M 



P P 

V L 

V M 
G T 
L V 



M36 

S P A P P 
P T P V L 
L E G V M 
S L L G T 
F L M L V 



A 
L 
A 

Q 
G 



C 
P 
A 
L 
G 



C 
P 
A 
L 
G 



D 
A 
R 
P 
S 



D 
A 
R 
P 
S 



L 
V 
G 
P 
T 



V L 

F S 

L G 

G R 

C V 



K L L R 

G E W K 

T C L S 

T A H K 

R A P P 



H V L 

M E E 

L G 

N A 

A A 



Q 
I 
P 



S 
K 
S 
L 
R 



L S 

S L 

G P 

R T 



K L 

G E 

T C 

T A 



L R 
W K 



L 
H K 



D 
T 
S S 



V R R A P P 



M37 
SPA 
P T P 
LEG 
S L L 
F L M 



P P 

V L 

V M 
G T 
L V 



A 
L 
A 
Q 
G 



C 
P 
A 
L 
G 



D L 

A V 

R G 

P P 

S T 



R V L 
D F S 
Q L G 
Q G R 
LCV 



K L L 

G E W 

T C 

T A 

R A 



R 
K 
L S 
H K 



P P 



D 
T 



H V 

M E 

L G 

N A 

A D 



H V L 

M E E 

L G 

N A 

A E 



Q 
I 
P 



S 
K 
S 
L 
R 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



S Q 
D I 



V H 

V T 
G A 
G K 
M E 



Q 
I 
R 
H 
V 



S Q 
D I 
V R 
Q H. 
L V 



P E 

G A 

L L 

L R 

T L 



V H 

V T 
G A 
G K 
N E 



V H 

V T 
G A 
G K 
N E 



P 
L 
L 
V 
L 



P 
L 
L 
V 
L 



L 
L 
Q 
R 



L 
L 

Q 
R 



L 
L 

Q 
R 



R 
A 
G 
S 
T 



L 
Q 
Q 



S Q 

D I 

V R 

F Q H 

S L V 



P 
G 
L 
L 
T 



E V H 

A V T 

L G A 

R G K 

L N E 



L 
L 

Q 
R 



M38 
S P 



p 

L 
S 
F 



M39 
S p 
P T 
L E 
S L 
F L 



APPACDLRVLS 
PVLLPAVDFSL 
GVMAARGQLGP 
LGTQLPPQGRT 
MLVGGSTLCVR 



APPACDLRVLS 
PVLLPAVDFSL 
GVMAARGQLGP 
LGTQLPPQGRT 
MLVGGSTLCVR 



KLLRDSHVL 
GEWKTQMEE 
TCLSSLLGQ 
TAHKDPNAI 
RAPPTTAGP 



KLLRDSHVL 
GEWKTQMEE 
TCLSSLLGQ 
TAHKDPNAI 
RAPPTTAHP 



HSRLSQCPEVHPL 
TKAQDILGAVTLL 
LSGQVRLLLGALQ 
FLS FQHLLRGKVR 
SRTSLVLTLNEL 



HSRLSQCPEVHPL 
TKAQDILGAVTLL 
LSGQVRLLLGALQ 
FLS FQHLLRGKVR 
SRTSLVLTLNEL 



M40 
SPA 
P T P 
LEG 
S L L 
F L M 



P P 

V L 

V M 
G T 
L V 



A C 

L P 

A A 

Q L 

G G 



M41 

S P 



P 
L 
S 
F 



A 
P 
G 
L 
M 



P A 

L L 

M A 

T Q 

V G 



D 
A 
R 
P 
S 



D 
A 
R 
P 
S 



L 
S 
G 
R 
V 



S K L L R 

L G E W K 

P T C L S 

T T A H K 

R R A P P 



D 
T 
S 
D 
T 



S H V L 
Q M E E 
L L G 
P N A 
TAN 



Q 
I 
P 



R 
D 
Q 
Q 
L 



V L 
F S 



G 
R 
V 



S K L L R 

L G E W K 

P T C L S 

T T A H K 

R R A P P 



S H 
Q M 



L 
P 
T 



V 
E 
G 
A 
P 



S 
K 
S 
L 
R 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



S 
D 
V 

Q 

L 



Q 
I 
R 
H 
V 



P E V H P 

G A V T L 

L L G A L 

L R G K V 

T L N E L 



L 
L 
Q 
R 



E 
A 
L 
R 
L 



VHP 
V T L 
GAL 
G K V R 
N E L 



L 
L 
Q 



WO 2005/000891 



- 29 - 



PCT/EP2004/006887 



M42 

SPAPPACDL 
PTPVLLPAV 
LEGVMAARG 
5 SLLGTQLPP 
FLMLVGGST 



RVLSKLLRD 
DFSLGEWKT 
QLGPTCLSS 
QGRTTAHKD 
LCVRRAPPT 



SHVLHSRL 
QMEETKAQ 
LLGQLSGQ 
PNAIFLSF 
TAKPSRTS 



SQCPEVHPL 
DILGAVTLL 
VRLLLGALQ 
QHLLRGKVR 
LVLTLNEL 



10 



15 



20 



25 



30 



35 



40 



45 



50 



M43 
SPA 
T 
E 
L 
L 



P 
G 
L 
M 



M44 

S P 



P 
L 
S 
F 



M45 

S P 



p 

L 
S 
F 



A 
L 
A 
Q 

G 



A 
L 
A 

Q 
G 



C 
P 
A 
L 
G 



C 
P 
A 
L 
G 



D 
A 
R 
P 
S 



D 
A 
R 
P 
S 



L 
E 
C 
A 
A 



L 
W 
L 
H 
P 



H 
M 
L 
N 
A 



V 
E 
G 
A 
Q 



V 
E 
G 
A 
R 



R 
A 
G 
S 
T 



Q 
I 
R 
H 
V 



Q 
I 
R 
H 
V 



V H 

V T 
G A 
G K 
N E 



V H 

V T 
G A 
G K 
N E 



P 
L 
L 
V 
L 



P 
L 
L 
V 
I] 



L 
L 

Q 
R 



M46 

S P 



P 
L 
S 
F 



M47 

S p 



P 
L 
s 

F 



C 
P 
A 
L 
G 



L 
V 
G 
P 
T 



L 
E 
C 
A 
A 



S H V 



M 
L 
N 
A 



H 
M 
L 
N 
A 



V 
E 
G 
A 
V 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



Q 
I 
R 
H 
V 



Q 
I 
R 
H 
V 



P 
G 
L 
L 
T 



H 
T 
A 

K 



N E 



M48 

S P 



P 

L 
S 
F 



M49 

S' P 
P T 
L E 



A 
L 
A 

Q 
G 



C 
P 
A 



D 
A 
R 
P 
S 



L 
V 
G 



L 
S 
G 
R 
V 



L R 

W K 

L S 

H K 

P P 



K L 
G E 
T C 



A 
A 



H K 
P P 



L R 
W K 
L S 



H 
M 
L 
N 
A 



V 
E 
G 
A 
V 



V 
E 
G 
A 
V 



H V 
M E 
L G 



S 
K 
S 
L 
R 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



S Q 

D A 

V R 

Q H 

L V 



H S 
T K 
L S 



R 
A 
G 



S 
D 
V 



H 
T 
A 
K 
E 



H 
T 
A 
K 
E 



P 
L 
L 
V 
L 



L 
L 
Q 
R 



L 
L 

Q 
R 



V 
V 
G 
G 



N E 



V H 

V T 
G A 



P 
L 
L 
V 
L 



h 
L 
Q 
R 



L 
L 
Q 



WO 2005/000891 



PCT7EP2004/006887 



30 - 



SLLGTQLP 
FLMLVGGS 



PQGRTTAHK.DPNAIFLSFQHLLRGKVR 
TLCVRRAPPTTAVPSRTSLVLTLNEL 



M50 

S P A P P A C 
P T P V L L P 
L E G V M A A 
S L L G T Q L 
F L M L V G G 



M51 
S P 
P T 
L E 
S L 
F L 



A P 
P V 



P A C 
LLP 
G V M A A 
L G T Q L 
M L V G G 



M52 

S P A P P A C 
P T P V L L P 
L E G V M A A 
S L L G T Q L 
F L M L V G G 



V L 

F S 

L G 

G R 

C V 



K L L R 

G E W K 

T C L S 

T A H K 

R A P P 



H V L 

M E E 

L G 

N A 

A V 



Q 
I 
P 



V L S 

F S L 

L G P 

G R T 

C V R 



K L L R D 

G E W K T 

T C L S S 

T A H K D 

R A P P T 



S H V 

Q M E 

L L G 

P N A 

T A V 



L R 

V D 

G Q 

P Q 

T L 



V L 

F S 

L G 

G R 

C V 



K L L R D 
G E W K T 
L S S 
H K D 
PPT 



T C 
T A 
R A 



H V 

A E 

L G 

N A 

A V 



M53 

S P A P 
P T P V 
L E G V 
S L L G 
F L M L 



P A C D 

L L P A 

M A A R 

T Q L P 

V G G S 



L 
V 
G 
P 
T 



V L S 

F S L 

L G P 

G R T 

C V R 



K L 

G E 

T C 

T A 

R A 



L R 

W K 

L S 

H K 

P P 



M54 

SPAPPACDL 
PTPVLLPAV 
LEGVMAARG 
SLLGTQLPP 
FLMLVGGST 



R V 

D F 

Q L 

Q G 

L C 



K L L R 
G E W K 



T C 
T A 
R A 



L S 
H K 
P P 



M55 

S P A P P A 
P T P V L L 
L E G V M A 
S L L G T Q 
F L M L V G 



C D L R 

P A V D 

A R G Q 

L P P Q 

G S T L 



M56 

SPAPPACDLR 
PTPVLLPAVD 
LEGVMAARGQ 
SLLGTQLPPQ 
FLMLVGGST. L 



V L 

F S 

L G 

G R 

C V 



V L 

F S 

L G 

G R 

C V 



S K L L R 

L G E W K 

P T C L S 

T T A H K 

R R A P P 



S H V 

Q K E 

L L G 

P N A 

T A V 



S R L S Q 

K A A D I 

S G Q V R 

L S F Q H 

R T S L V 



R L 

A T 

G Q 

S F 

T S 



S R 

K A 

S G 

L S 

R T 



P E 

G A 

L L 

L R 

T L 



P E 

G A 

L L 

L R 

T L 



VHP 
V T L 
GAL 
G K V 
N E L 



V H 

V T 
G A 
G K 
N E 



L 
L 

Q 
R 



L 
L 
Q 
R 



S 
D 



S R L 

K A Q 

S G Q V 

L S F Q 

R T S L 



Q 
I 
R 
H 
V 



V H P L 

V T L L 
G A L Q 
G K V R 
N E L 



E V H P 

A V T L 

L G A L 

R G K V 

L N E L 



S H V 

Q S E 

L L G 

P N A 

T A V 



H 
T 
L 
N 
A 



V 
E 
G 
A 
V 



H S 

T K 

L S 

F L 

S R 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



K L L R D 
G E W K T 
L S S 
H K D 
PPT 



T C 
T A 
R A 



S H V 
Q M E 
L L G 
P N'A 
T A V 



L H S R 
E A K A 



Q L 
I F 
P S 



S G 
L S 
R T 



S Q C 

D I L 

V R L 

Q H L 

L V L 



S Q 

D I 

V R 

Q H 

L V 



S Q 

D I 

V R 

Q H 

L V 



P 
G 
L 
L 
T 



P 
G 
L 
L 
T 



E V H P 

A V T L 

L G A L 

R G K V 

L N -E L 



E V H P 

A V T L 

L G A L 

R G K V 

L N E L 



P E V H 

G A V T 

L L G A 

L R G K 

T L N E 



L 
L 
Q 
R 



L 
L 

Q 
R 



L 
L 
Q 
R 



M57 

SPAPPACDLRVLSKLL 
PTPVLLPAVDFSLGES 



RDSHVLHSRLSQCPEVHPL 
KTQMEETKAQDILGAVTLL 



WO 2005/000891 



- 31 - 



PCTYEP2004/006887 



10 



15 



20 



25 



30 



35 



40 



45 



50 



L E 
S L 
F L 

M58 
S P 



A 
L 
A 

Q 
G 



A 
L 
G 



L 
V 
G 
P 
T 



G 
R 
V 



C 
A 
A 



L S 
H K 
P P 



L R 
W K 
L S 



M59 
SPA 
T 
E 
L 
L 



M60 

S P 



P 
L 
S 
F 



M61 

S P 



P 
L 
S 
F 



P 
V 
V 
G 
L 



G G 



A 
L 
A 
Q 
G 



L 
V 
G 
P 
T 



L 
S 
G 
R 
V 



L 
S 
G 
R 

V 



L R 

W K 

L S 

H K 

P P 



L 
P 
T 



P N 
T A 



G 
A 
V 



V 
E 
G 
A 
V 



L R 

W K 

L S 

H K 

P P 



D 
A 
R 
P 
S 



M62 
S P 
P T 
A E 
S L 
F L 
M63 
S P 



P 
L 
S 
F 



M64 
S P 



p 

L 
S 
F 



A 
P 
G 
L 
M 

A 
P 
G 
L 
M 



P 

V 
V 
G 
L 

P 
V 
V 
G 
L 



P 
L 
M 
T 
V 

P 
L 
M 
T 
V 



A 
L 
A 
Q 
G 

A 
L 
A 
Q 
G 



C 
P 
A 
L 
G 

C 
P 
A 
L 
G 



D 
A 
R 
P 
S 

D 
A 
R 
P 
S 



L 
V 
G 
P 
T 



L 
V 
G 
P 
T 



55 



M65 
S P 
P T 



A 
L 



C 
P 
A 
L 
G 



D 
A 
R 
P 
S 



D 
A 



L R 
V D 
G Q 



L 
V 



L 
S 
G 
R 
V 

L 
S 
G 
R 
V 



K 
G 
T 
T 
R 

K 
G 
T 
T 
R 



L L 
E W 
C L. 



H 
M 
L 
N 
A 



H 
M 
L 
N 
A 



V 
E 
G 
A 
V 



V 
E 
G 
A 
V 



G 
S 
T 



R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



G A 
G K 
N E 



V H 

V T 
G A 
G K 
N E 



P 
L 
L 
V 
L 



Q 
R 



R 
A 
G 
S 
T 



H V 
M E 



L 
N 
A 



G 
A 
V 



L L 
E W 
C L 



R 
K 
S 
K 
P 

R 
K 
S 
K 
P 



H V 

M E 

L G 

N A 

A V 



S H V 

Q M E 

L L 

P N 

T A 



G 
A 
V 



L 
E 

Q 
I 
P 

L 
E 

Q 
I 
P 



H 
T 
L 
F 
S 

H 
T 
L 
F 
S 



S 
K 
S 
L 
R 



Q 
I 
R 
H 
V 



Q 
I 
R 
H 
V 



V H 

V T 
G A 



V 
V 
G 
G 
N 



H 
T 
A 
K 
E 



P 
A 
L 
V 
L 



P 
S 
L 
V 
L 



L 
L 

Q 
R 



L 
L 
Q 
R 



Q 
I 
R 
H 
V 



S 
K 
S 
L 
R 

S 
K 
S 
L 
R 



L L 
E W 
C L 



R 
K 
S 
H K 
P P 



L L 
E W 



V 
E 
G 



N'A 
A V 



V 
E 



S 
K 



R 
A 
G 
S 
T 

R 
A 
G 
S 
T 



R 
A 
G 
S 
T 



L 
Q 
Q 
F 
S 

L 
Q 
Q 
F 
S 



S 
D 
V 
Q 
L 

S 
D 
V 

Q 
L 



Q 
I 
R 
H 
V 

Q 
I 
R 
H 
V 



E 
A 
L 
R 
L 

E 
A 
L 
R 
L 



V 
V 
G 
G 
N 

V 
V 
G 
G 
N 



H 
T 
A 
K 
E 

H 
T 
A 
K 
E 



P 
L 
L 
V 
L 

P 
L 
L 
V 
L 



L 
L 
Q 
R 



L 
L 
Q 
R 



L 
L 
Q 
R 



V 
V 



L 
L 

Q 
R 



L 
L 



WO 2005/000891 



- 32 - 



PCT/EP2004/006887 



LEGVMAARGQL 



sllgtqlpp5gr??aSkdSS?S I,sgqvrlllg al 



N E L 



Q 
R 



M66 



S L 
10 F L 



gvmaargqlgp?clss?^o TKRQDILGAV tll 

LGTQ L ppQ G RT?AHKDpS?? I,SGQVRLLLG ALQ 
MLVGGSTLCVRRAPPTTA VPSRTSLVLTLNEL 



M67 

SPAPPACDLRVLS 



P T P V I L P A V 5 F s 2 G > 5 K 5 Q K I > ? "5 5 * S ° C P E V H » * 

. FLMLVGGSTLCVRRAPPXTAAPSRTSLVLTLNEL 
20 Table A2 

M68 (wild-type human TPO, truncated form 1 - 174) 

25 LEGVMAARGQLGPTCLSSLLHrt^Q ^ 1 
Table A3 

30 Fl (Fc domain of human IgG4 including modified hinge region) 

S R ^ P E 5 ? J ? J J J J g J * ! J J J S G P S V P .1 F P P K P K D T L M I 

SPGA SCSVMHE ALHNHYTQKSLSL 

Table A4 

Ll (Linker peptide) 



15 



40 



45 



GGGGSGGGGSGGGSG 

Table 5 

Fusion proteins F - M (F is any inununog.obu.in heavy chain M ns«an« region and M is a 
sequence of Table Al) 
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F-M22, F-M23,F-M24, F-M25, F-M26, F-M27, F— M28, F — M29,F-M30, F-M31 
F - M32, F - M33, F - M34, F - M35, F - M36, F - M37, F - M38, F - M39, F -M40, F - M41 
F - M42, F-M43.F- M44, F - M45, F - M46, F - M47, F - M48, F - M49, F - M50, F - M5 1 
F - M52, F - M53, F - M54, F - M55, F - M56, F - M57, F-M58.F- M59, F - M60, F-M61 
F - M62, F - M63, F - M64, F - M65, F — M66, F - M67. 



Table A6 

Fusion proteins F - L - M (F is any irnmunoglobulin heavy chain constant region, L is a any 
linker peptide, and M is a TPO sequence of Table Al): 

10 F-L-M1,F-L-M2,F-L-M3,F-L-M4,F-L-M5,F-L-M6,F-L-M7,F-L-M8, 
F-L-M9,F-L-M10,F-L-M11,F-L-M12,F-L-M13,F-L-M14,F-L-M15, 
F-L-M16 > F-L-M17,F-L-M18,F-L-M19,F-L-M20,F-L-M21,F-L-M22, 
F-L-M23,F-L-M24,F-L-M25,F-L-M26,F-L-M27,F-L-M28,F-L-M29, 
F-L-M29,F-L-M30,F-L-M31,F-L-M32,F-L-M33,F-L-M34,F-L-M35, 

15 F-L-M36,F-L-M37,F-L-M38,F-L-M39,F-L-M40,F-L-M41,F-L-M42, 
F-L-M43,F-L-M44,F-L-M45,F-L-M46,F-L-M47,F-L-M48,F-L-M49, 
F-L-MSO.F-L-MSl.F-L-MS^F-L-MSS^-L-MS^F-L-MSS.F-L-MSe, 
F-L-M57,F-L-M58,F-L-M59,F-L-M60,F-L-M61,F-L-M62,F-L-M63, 
F-L-M64,F-L-M65,F-L-M66,F-L-M67 

20 

Table A7 

Fusion proteins Fl - LI - M (Fl is a Fc portion from human IgG4 as indicated in Table A3, 

LI is the peptide linker of Table A4, and M is a TPO sequence of Table Al) 

Fl -LI -Ml, Fl -LI -M2, Fl -LI -M3, Fl -LI -M4, Fl -LI -M5, Fl -LI -M6, 
25 Fl -LI -M7, F-L-M8, Fl -LI -M9, Fl -LI -M1Q, Fl -LI -Mil, Fl -LI -M12, 

Fl - LI - M13, Fl - LI - M14, Fl - LI - M15, Fl - LI - M16, Fl - LI - Ml 7, Fl - LI - M18, 
Fl - LI - M19, Fl - LI - M20, Fl - LI - M21, Fl - LI - M22, Fl - LI - M23, Fl - LI - M24, 
Fl - LI - M25, Fl - LI - M26, Fl - LI - M27, Fl - LI - M28, Fl - LI - M29, Fl - LI - M29, 
Fl - LI - M30, Fl - LI - M3 1, Fl - LI - M32, Fl - LI - M33, Fl - LI - M34, Fl - LI - M35, 
30 Fl - LI - M36, Fl - LI - M37, Fl - LI - M38, Fl - LI - M39, Fl - LI - M40, Fl - LI - M41, 
Fl - LI - M42, Fl - LI - M43, Fl - LI - M44, Fl - LI - M45, Fl - LI - M46, Fl - LI - M47, 
Fl - LI - M48, Fl - LI - M49, Fl - LI - M50, Fl - LI - M51 , Fl - LI - M52, Fl - LI- M53, 
Fl - LI - M54, Fl - LI - M55, Fl - LI - M56, Fl - LI - M57, Fl - LI - M58, Fl - LI - M59, 
Fl - LI - M60, Fl - LI - M61, Fl - LI - M62, Fl - LI - M63, Fl - LI- M64, Fl - LI - M65, 
35 F1-L1-M66,F1-L1-M67. 



Table A8 

Fusion protein with wild-type human TPO (M68 of Table Al): 
F1-L1-M59 
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Figure 1: 

Identification of T cell epitopes in TPO (1-174). (A) 20 healthy donors were tested for 
reactivity with 55 overlapping (by 12 amino acids) 15mer peptides derived from the TPO 
sequence. Donors that responded to peptides with an SI>2 were analyzed further by plotting 
the frequency of donor responses to each peptide. Prominent regions of immunogencity are 
labelled according to the amino acid residue number in the TPO linear sequence and were 
determined by peptides that induced responses in 10% of donors; however, borderline 
responses where individual SI values >1.95 (hatched bars) were achieved and if two (or more) 
adjacent peptides induced responses in 5% of donors (Region 1). (B) The mature sequence of 
TPO with regions of immunogenicity boxed and highlighted in bold. 
Figure 2: 

Frequency of observed responses with an SI>2 at any time point from cohorts of 20 healthy 
donors to either wild type region 1 and modified region 1 peptides (A); or wild type region 2 
and modified region 2 peptides (B). 
Figure 3: 

Immunogenicity of TPO variant peptides. Two cohorts of 20 healthy donors were used to test 
the immunogenicity of either wild type region 1 and modified region 1 peptides (A) or wild 
type region 2 and modified region 2 peptides (B). Proliferation of PBMC was assessed by 
tritiated thymidine incorporation on days 6, 7, 8 and 9 post-stimulation and stimulation 
indexes were calculated. 
Figure 4: 

Mutein clone ID 102 (M53/ F1-L1-M53) comprising single amino acid substitution M55K 
shows greater activity in a functional assay than either the WT counterpart or a control TPO 
preparation lacking the Fc domain. Functional activity is plotted as CPM measued using the 
proliferation assay (Example 4) versus concentration of TPO protein added. Proliferation was 
measured in TF-1 cells using culture supernatants from TPO mutein and TPO WT transfected 
HEK.293 cells. Supernatants were quantified by Fc ELISA and diluted to 320ng/ml. The 
activity was titrated in 2 fold serial dilutions. 
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EXPERIMENTAL EXAMPLES 
EXAMPLE 1 

Construction of Fc-TPO muteins 

5 The modified TPO proteins of the present invention were made using conventional 

recombinant DNA techniques. The N-terminal domain of the protein was cloned comprising 
residues 1-174. The coding sequence for TPO (1-174) was cloned from human human liver 
cDNA library using PCR. The wild-type gene was used both as a control reagent and a 
template from which to derive modified TPO proteins by site directed mutagenesis. WT and 

10 modified genes were inserted into a modified version of the expression vector pdC-huFc [Lo 
K-M et al, (1998) Protein Eng 11:495-500]. The TPO gene was excised with;&nal and Xhol 
and cloned into a similarly cut preparation of the vector which had been modified such that the 
TPO sequence is fused to the C-terminus of a hinge modified/C H 2/CH3 Fc region of human 
IgG 4 via a 15 amino acid flexible linker between the C-terminus of the C H 3 and the N- 

15 terminus of TPO(i.i7 4) . The ammo acid sequence of me linker was as follows: 

(G) 4 S(G) 4 S(G) 3 SG. The expressed fusion protein had a stoichiometry of (hinge-C H 2-C H 3- 
linker-TPO(M74))2. The final construct used in this study was designated Fc-gamma 4-linker- 
TPO (clone ID 00, M68 /Fl-Ll -M68). 

20 DNA sequencing was conducted on all constructs. This was diligently performed to confirm 
introduction of desired substitutions and establish that no extraneous (undesired) substitutions 
had been introduced for example by PCR error. 

Variants of TPO(i-i 7 4) linked to the Fc portion of human IgG 4 were constructed containing 
mutations within the two immunogenic regions of this domain of the protein. Desired 

25 substitutions were introduced into the TPO sequence by overlap PCR using HiFi Expand 
polymerase. Cycles of mutational analysis involving construction and function testing 
identified those residues within these regions that could be altered without adversely affecting 
the activity of the Fc-linked protein. The proliferation assay as described herein (see Example 
4) was the main screening tool in this aspect, a total of 667 different muteins in TPO were 

30 identified with positive functional activity (Table 2). 
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EXAMPLE 2 

Transfection and purification of fusion proteins 

Transient transfections were done using HEK293 (ATCC# CRL-1573) cells and 
Lipofectamine 2000 (Invitrogen, Paisley, UK) as described by the manufacturer. Stable 
5 transfectants were also made in HEK293 cells and selected in media containing increasing 
concentrations of methotrexate. All cell-lines were maintained in DMEM plus 10% FBS with 
antibiotics and antimycotics. Fusion proteins were purified via Prosep-A chromatography 
followed by size exclusion chromatography (SEC). Briefly, 1ml Prosep®-A columns 
(Millipore, Watford, UK) were equilibrated in PBS pH 7.4 before being loaded with 0.2(aM 

10 filtered cell-culture supernatants (up to 500ml) that had been pH adjusted with 1/20 vols. 1M 
Tris-HCl pH 7.4. The column was washed with 50ml PBS pH 7.4 and the fusion protein 
eluted with 0.1M citrate buffer pH 3.0 and 0.9ml fractions collected. The fractions were 
immediately neutralized with 0. 1ml 1M Tris-HCl pH 8.0. SEC was done with Superdex 200 
(Amersham Pharmacia, Amersham, UK) in a 3.2/30 column equilibrated and run in PBS pH 

15 7.4 containing 0.1% Tween 80. Fractions spanning the major peak were pooled and fusion 
proteins quantified using molar extinction coefficients at 280nm calculated using Lasergene™ 
software (Dnastar, Madison, WL USA). The concentrations were confirmed using a BCA 
protein assay (Pierce, Chester, UK). 

20 EXAMPLE 3 

Quantitation of fusion proteins in cell-culture supernatants 

Fusion proteins were quantified by detecting the amount of human IgG 4 Fc in an ELISA 
format as follows: ELISA plates (Dynex Immulon4) were coated with a mouse monoclonal 
anti-human IgG Fc specific antibody at a dilution of 1/1500 in PBS pH7.4, lOOuJ/well, for 2h 

25 at 37°C. The plate was washed x4 with lOOul/well PBS/0.05% Tween 20. Human IgG 

standards (The Binding Site, Birmingham, UK) were diluted to 2ug/ml in PBS/2%BSA and 
duplicate two-fold dilutions made vertically down the plate. Test samples were diluted 1/100 
and 1/500 in PBS/2% BSA and assayed in duplicate. The plate was incubated for lh at room 
temperature and washed as before. Detection was done using lOOul/well goat anti-human IgG 

30 Fc-specific peroxidase conjugate (The Binding Site, Birmingham, UK) at a dilution of 1/1000 
in PBS, the plate washed as before and colour developed using SigmaFast OPD, 100ul/well 
(Sigma, Poole, UK). The colour reaction was stopped by the addition of 50pi 2M sulphuric 
acid and the absorbance measured at 492nm in an Anthos HTH plate reader. 
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EXAMPLE 4 

Functional activity of Fc-TPO muteins 

The functional activity of the Fc-TPO proteins was co m pared using proliferation assay using 
exther the erythro leukaemia cell line TF-1, or the megakaryocyte cell line M0-7e [Avanzi GC 
et al (1988) British Journal of Haematology; 69: 359-366; Jagerschmidt A, et al (1998) 
Biochemical Journal; 333: 729-734 and Quentmeier H, et al (1996) Leukemia; 10:297-3101 
CellsweregrownmRPMI-1640(Invitrogen 9 Pai s ley,UK)wim ^ ' 

(Bxowhittaker, Wokingham, UK), penicllin/streptomycin (Invitrogen, Paisley, UK), and GM- 
CSF (Peprotech, London, UK) at 2ng/ml for TF-1 and 1 Ong/ml for M0-7e. 

For the assay, exponentially growing TP- 1 or M0-7e cells were seeded into 96 well plates at a 
concentration of 2x1 0< cells per well, in assay medium supplemented with increasing amounts 
of conditioned medium from HEK293 cells transfected with the vector containing the protein 
of mterest. Recombinant TPO (Peprotech) with a specific activity of 1x1 0^ units/mg was used 
as an additional positive control reagent in these assays. Assays were performed at TPO 
concentrations ranging from 0 to 320 ng/ml, with duplicate serial doubling dilutions of 
standard r-hTPO (Peprotech) and triplicate serial doubling dilutions of test protein variants in 
antxbxouc free media, were made horizontally across a «U» bottomed 96 well plate. The plates 
were incubated for 96 h at 37°C and then 1 ^Ci of [^-thymidine added over night. Cells 
were harvested onto filter maps and then solid scintillant melted onto the mat using a hot plate 
Counts per minute (CPM) were then measured using a MicroBeta Tri Lux scintillation 
counter. CPM vs TPO concentration was plotted and an EC 50 value determined. 

A total of 67 different TPO variants demonstrated positive activity m me proUferation assay 
Posmve activity was taken to be arelative activity value of less man 10. Relative activity was 
determined by dividing the ED 50 value derived for the protein of interest by the ED 50 value 
derived for the control (WT) TPO fusion protein (M66/F1 -Ll -M66). Of these active proteins 
31 were muteins comprising a single amino acid substitution; 23 comprised 2 amino acid 
substitutions, 7 comprised 3 amino acid substitutions and 7 comprised four amino acid 
substitutions. Thesequenceof each of these active TPO muteins is provided in Ml -M67 
(F1-L1-M67). The relative activities of each rationing mutein are provided in Table 2 
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Table 2 

Activity ofFC-TPO variants 



Clone ID 
37101 



1394867 



12394867 
1374972 



1374973 
12484973 
1374968 



12484968 
124849 



123749 



13749 



14849 
124860 
3849 
4849 



Substitution^) 

A60R, V161A 



I63A, V67T, V161N, P162A 



I63T, V67A, V161N, P162A 
M55A, I63A, V67A, V161A 



M55T, I63A, V67A, V161A 
M55T, I63T, V67A, V161A 
Q61A, I63A, V67A, V161A 



Q61A, I63T, V67A, V161T 
I63T, V67A, V161T 



I63T, V67A, V161A 



I63A, V67A, V161A 



I63A, V67A, V161T 
I63T, V67T, V161T 



V67A, V161R 
V67A, V161T 



3760 



4860 



3749 



4249 
1248 
1238 
"1242 
1237 



V67T, V161A 



V67T, V161T 



V67A, V161A 



149 



160 



1249 
137 



V67A, V161E 
I63T, V161T 
I63T, V161R 
I63T, V161E 
I63T, V161A 



I63A, V67A 
I63A, V67T 



I63T, VS7A 
I63A, V161A 



Fl-Ll-M 
sequence 

Ml 



M2 
M3 
M4 



M5 
M6 
"mT 



M8 
M9 



M10 



Mil 



M12 
M13 



M14 
M15 



M16 



M17 



Ml 8 



M24 
M25 



M26 
M27 



Relative Activity* 
(proliferation in 
TF-1 cells) 

To* 
To" 

U 



0.1 

"oT 
"6T 
IT 
"oT 



1.0 



0.5 



1.0 

To" 



0.6 

"oT 



0.7 



0.9 



0.2 



1.6 

To" 
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142 


I63A, VI 6 IE 


M28 


1 < 

A •«/ 


138 


I63A, V161R 


M29 


J, J 


148 


I63A, V161T 


M30 


4 0 


6063 


E50A, V67T 


M31 


1 0 


163 


E50A, I63A 


M32 


4 R 


1263 


E50A, I63T 


M33 




4263 


E50A, V161E 


M34 


J.KJ 


37 


V161A 


M35 




40 


VI 6 ID 


M36 


X .\J 


42 


V161E 


M37 




43 


V161G 


M38 


1 0 

X .V 


44 


V161H 


M39 


1 0 


39 


V161N 


M40 


1 0 
X .u 


46 


VI 6 IP 


M41 


1 0 

X .u 


45 


V161K 


M42 


J .J 


41 


V161Q 


M43 


1 0 

X .\J 


38 


V161R 


M44 


0 0 


48 


VI 6 IT 


M45 


1 0 

X iU 


49 


V67A 


M46 




60 


V67T 


M47 




1 


I63A 


M48 


2 0 


12 


I63T 


M49 


2 0 


68 


Q61A 


M50 




69 


Q61T 


M51 


2 ^ 


72 


M55A 


M52 


0 1 

KJ.J 


102 


M55K 


M53 


0 1 


74 


M55S 


M54 


1 0 

X . \J 


73 


M55T 


M55 


0.1 


100 


T58A 


M56 


1.0 


35 


W51S 


M57 


8.0 


63 


E50A 


M58 


1.0 


77 


L69A 


M59 


1.0 
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78 


L69S 


M60 


0.7 


79 


L69T 


M61 


0.2 


83 


L71A 


M62 


1.8 


86 


E72A 


M63 


1.8 


87 


E72S 


U64 


2.1 


101 


A60R 


M65 


1.4 


101102 


M55K, A60R 


M66 


0.2 


37101102 


M55K, A60R, V161A 


M67 


0.4 


00 


WT 


M68 





* Relative activity is ED 50 test protein (Ml - M67) / ED 50 Fc-TPO WT (M68). ED : 
measured in TF-1 cells. 



5 EXAMPLE 5 

Identification of T- cell epitopes in human TPO 

All blood samples used in this study were obtained with approval of the Addenbrooke's 
Hospital Local Research Ethics Committee. T-cell epitope mapping was performed using 
human PBMCs isolated from blood obtained from the National Blood Transfusion Service 

10 (Addenbrooke's Hospital, Cambridge, UK). PBMCs from 20 healthy donors were isolated by 
Ficoll density centrifugation and stored under liquid nitrogen. Each donor was tissue-typed 
using an Allset™ PCR based tissue-typing kit (Dynal) and T cell assays were performed by 
selecting donors according to individual MHC haplotypes. 15mer peptides staggered by three 
amino acids and spanning the human TPO sequence between residues 1 - 177 were purchased 

15 from Pepscan Systems BV (NL). Using this scheme, total of 55 peptides were required to 
scan the TPO residues of interest. The sequence and peptide number of these peptides are 
provided in Table 3. 

Table 3 

20 Peptides used to map immunogenic epitopes within TPO (Peptides span TPO residues 1-177) 



Peptid . 
eNo 


Peptide sequence 


Peptide 
No 


Peptide sequence 


l 


S PAP PACDLRVL S KL ' 


29 


CLSSLLGQLSGQVRL 


2 


PPACDLRVLSKLLRD 


30 


SLLGQLSGQVRLLLG 



WO 2005/000891 



- 41 - 



PCT/EP2004/006887 



3 


CDLRVLSKLLRDSHV 


31 


GQLSGQVRLLLGALQ 


4 


RVLSKLLRDSHVLHS 


32 


SGQVRLLLGALQSLL 


5 


SKLLRDSHVLHSRLS 


1 33 


VRLLLGALQSLLGTQ 


6 


LRDSHVLHSRLSQCP 


34 


LLGALQSLLGTQLPP 


7 


SHVLHSRLSQCPEVH 


35 


ALQSLLGTQLPPQGR 


8 


LHSRLSQCPEVHPLP 


36 


SLLGTQLPPQGRTTA 


9 


RLSQCPEVHPLPTPV 


37 


GTQL P PQGRTTAHKD 


10 


QCPEVHPLPTPVLLP 


38 


LPPQGRTTAHKDPNA 


11 


EVHPLPTPVLLPAVD 


39 


QGRTTAHKDPNAI FL 


12 


PLPTPVLLPAVDFSL 


40 


TTAHKDPNAI FLS FQ 


13 


TPVLLPAVDFSLGEW 


41 


HKDPNAI FLS FQHLL 


14 


LLPAVDFSLGEWKTQ 


42 


PNAI FLSFQHLLRGK 


15 


AVD FS LGE WKTQMEE 


43 


I FLS FQHLLRGKVRF 


16 


FSLGEWKTQMEETKA 


44 


SFQHLLRGKVRFLML 


17 


GEWKTQMEETKAQD I 


45 


HLLRGKVRFLMLVGG 


18 


KTQMEETKAQD I LGA 


46 


RGKVRFLMLVGGS TL 


19 


MEET KAQD I LGAVTL 


47 


VRFLMLVGGSTLCVR 


20 


TKAQDILGAVTLLLE 


48 • 


LMLVGGSTLCVRRAP 


21 


QD I LGAVTLLLEGVM 


49 


VGGSTLCVRRAPPTT 


22 


LGAVTLLLEGVMAAR 


50 


STLCVRRAPPTTAVP 


23 


VTLLLEGVMAARGQL 


51 


CVRRAPPTTAVPSRT 


24 


LLEGVMAARGQLGPT 


52 


RAPPTTAVPSRTSLV 


25 


GVMAARGQLGPTCLS 


53 


PTTAVPSRTSLVLTL 


26 


AARGQLGPTCLSSLL 


54- 


AVPSRTSLVLTLNEL ' 


27 


GQLGPTCLSSLLGQL 


55 


SRTSLVLTLNELPNR 


28 


GPTCLSSLLGQLSGQ 





For each donor sample, PBMCs were thawed and resuspended in AIM-V (Invitrogen) 
containing 100 units/ml penicillin, lOOug/ml streptomycin and ImM glutamine. Triplicate 
cultures of 2xl0 5 PBMC/well of flat-bottomed 96 well plate were incubated with peptides at a 
5 final concentration of 1 jjM and 10 uM. Cells were incubated for 7 days before pulsing with 
luCi/well tritiated thymidine for 18 hours. Cultures were harvested onto glass fibre filter mats 
using a Tomtec Mach m plate harvester and cpm values determined by scintillation counting 
using a Wallac Microbeta TriLux plate reader. 
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The results of these assays are depicted in Figure 1. Regions of immunogenicity (Figure 1A) 
were determined by identifying peptides that induced donors to respond with stimulation 
indexes >2 and by determination of the donor response rate for each peptide. Peptides located 
within two separate regions were able to induce T cell proliferation. Region 1 encompasses 
5 TPO residues 49 - 75 and comprises the sequence: GEWKTQMEETKAQDILGAVTlllegvm and 
equivalent to peptides 17-21. The donor responses to region 1 ranged from 13% to 17%. 
Region 2 encompasses TPO residues 157 - 171 and comprises the sequence: 
PTTAVPSRTSLVLTL (peptide 53). The donor response rate to region 2 was 13% (Figure IB). 
Each donor was also tested for their ability to respond to two positive control peptides 
10 influenza haemagglutinin A amino acids 307-319 [Krieger JI, et al (1991) Journal of 

Immunology; 146: 2331-2340] and chlamydia HSP60 amino acids 125-140 [Cerrone MC, et al 
(1991) Infection and Immunity; 59: 79-90]. Keyhole limpet haemocyanin, a well documented 
potent T cell antigen was also used as a control. 

15 EXAMPLE 6 

Analysis of immunogenic regions by time-course T-cell assays 

Bulk cultures of 2-4xl0 6 PBMC/well were established from 20 healthy donor samples in 24 
weU plates. Cells were incubated for 6 to 9 days with WT and variant peptides spanning the 
immunogenic regions (see Table 4). T cell proliferation was assessed by tritiated thymidine 
20 incorporation on days 6, 7, 8 and 9. Proliferation was assessed at each time point, by gently 
resuspending the bulk cultures and removing samples of PBMC, that were then incubated in 
triplicate wells of U-bottomed 96 well plate with luCi/well tritiated mymidine for 18 hours as 
described above. 

The time course assay was used to test variant peptides containing substitutions over WT. 

25 Substitutions were made at key locations where there was expectation that the substitution 
would prevent binding to MHC class H and therefore, subsequent T cell proliferation in the 
assay. Particular substitutions were made based on information from the crystal structure of 
the cytokine domain of TPO (Feese M.D. et al (2004) Proc. Natl. Acad. Sci (USA); 101: 1816- 
1821] and various models of MHC class E binding motifs. The favoured mutations were large 

30 basic residues such as arginine or lysine but where structural models predicted severe affects 
on the protein structure we used alanine instead. For Region 2 we used four different 
alternatives for one locus as we only identified one important residue for mutagenesis studies 
in that sequence. 
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Peptides containing the mutations: M55K, T58R A60R, D62R, L69A, L70A were syntnesised 
for region 1, and V161A, V161N, V161R and V161T for region 2 (Table 4). 

Results of this analysis are shown in Figures 2 and 3. Figure 2A and 3A show that 15% of the 
20 donors responded to the original sequence region 1 sequence and T58R By contrast none 
of the donors responded to the mutated sequences containing the M55K or the A60R 
mutations. Figures 2B and 3B show that 25% of the 20 donors responded to the original 
region 2 sequence and V161T. By contrast none of the donors responded to the mutated 
sequences containing the V161A or V161R mutations. 



Table 4. 

Sequences of peptides used in time-course assays 



Immunogeni c 
Region 


Wild Type Sequence 


Modified Sequences 


Rl 


GEWKTQMEE TKAQD I LGAVTLLLEGVM 


GEWKTQKE ETKAQD I LGAVTLLLEGVM 
GEWKTQMEERKAQDILGAVTLLLEGVM 
GEWKTQMEETKRQDILGAVTLLLEGVM 
GEWKTQMEETKAQRILGAVTLLLEGVM 
GEWKTQMEETKAQD I LGAVTALLEGVM 
GEWKTQMEE TKAQD I LGAVTLALEGVM 


R2 


PTTAVPSRTSLVLTL 


PTTAAPSRTSLVLTL 

PTTANPSRTSLVLTL 

PTTARPSRTSLVLTL 
PTTATPSRTSLVLTL 



EXAMPLE 7 

Functional activity of most preferred TPO muteins 

Proliferative activity variants of non-immunogenic for both epitope region 1 and epitope 
region 2 were tested. Supematants were quantified by Fc ELISA and diluted to 160ng/ml. 
The protein activity was titrated in 2 fold serial dilutions and tested in the TF-1 cell 
proliferation assay. Those changes that gave >100% of wild-type activity, and abrogated the T 
cell proliferative response for both region 1 and region 2, are the most preferred embodiments 
of the present invention. Relative activity values for all functional muteins are listed in Table 
2. 
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A further preferred TPO mutein is clone ID 102 # (M52 / Fl - LI - M52) comprising 
substitution M55K. The M55K substitution was surprisingly shown to produce a beneficial 
increase in potency of the molecule. This effect is demonstrated in Figure 4 where the activity 
in the TF-1 proliferation assay is plotted versus protein concentration. Mutein clone ID # 102 
shows significantly greater activity in this functional assay than either the WT counterpart 
control TPO preparation lacking the Fc domain. 



or a 



Table 5 provides a listing to the relative activites of the most preferred muteins of the 
invention. The relative activites are derived by dividing the ED 50 values scored for the test 
protein by that of the Fc-gamma 4-linked WT TPO (M68 / Fl - LI - M68). A relative 
acitivity of 1 .0 or less represents a protein with equal or better activity than WT. Values 
greater than 1.0 indicate inferior activity. The relative activity of the full length WT 
recombinant human TPO (r-hTPO) is also provided. All. values are the average of at least 
three separate determinations. 

Table 5 

Relative acitivity of most preferred TPO muteins 



Clone ID 


Fl-Ll-M 
Sequence No 


Substitution set 


Relative Activity 


37101 


Ml 


A60R, V161A 


l 


101102 


M66 


M55K, A60R 


0.2 


37101102 


M67 


M55k, A60R, V161A 


0.4 


102 


M53 


M55K 


0.1 


r-hTPO 


N/a 


WT 


2.5 



A further example of an especially preferred molecule of the invention with significantly 

enhanced activity provided by the TPO mutein containing the substitution set M5SK, A60R, 

V161A(M67/F1-L1-M67). This protein is highly potent in the TF-1 assay with relative 
activity of around 0.4. 

Although the M55K, A60R, V161A (M67/F1-L1-M67) mutein is clearly a highly potent 
molecule, this mutein is not as active as the mutein comprising only the M55K and A60R 
substitutions (M66/F1-L1-M66). This mutein demonstrates a relative activity of 0.2. 
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Some of the muteins with two or more substitutions were then tested in the TF-1 and M0-7e 
prohferation assays. A most preferred protein of the invention Fc-gamma 4-L-TPO (A60R 
V161 A) (M1/F1-L1-M1) was found to retain full activity. The activity of this molecule was 
compared with both an Fc-gamrna 4 linked TPO 1-174 WT molecule (M68/F1-L1-M68) and 
a preparation of full-length recombinant human (r-hTPO) (PeproTech, London, UK). Results 
are shown in Table 6. 

m TF-1 cells, the native fusion protein, has an ED 50 of 12.0ng/ml. In M0-7e cells, the native 
fusion protein, has an ED 50 value of 25.0ng/ml. By contrast, it has been somewhat 
surprisingly found that a most preferred molecule of the invention (M1/F1-L1-M1) has an 
ED 50 valueinTF-l cells of ll.Sng/ml andinM0-7e cells anED 50 value of 18.0ng/ml Given 
that this molecule is a TPO mutein, these results indicate that the changes to the sequence have 
had a beneficial effect on direct functional activity. 

Enhanced potency in the molecule attributed-to the dimeric nature of me protem by virtue of 
the Fc-domain is demonstrated by comparison of the ED S0 values found using the full size 
(non-Fc linked) human TPO molecule in TF-1 andE0-7e based proliferation assays (Table 6) 
Monomeric recombinant human (r-hTPO) TPO achieves an ED 50 of 29.5ng/ml using TF-1 
cells and 70.0ng/ml using M0-7e cells. A most preferred molecule of the invention therefore 
demonstrates approximately between 2.5 - 4.0 fold enhanced activity over r-hTPO. 
Table 6 provides a comparison of the ED50 values scored in both TF-1 and M0-e7 cells 
Values shown are for the Fc-gamma 4-linked TPO mutein A60R V161A (Ml/Fl-Ll-Ml) the 
WT Fc-linked counterpart (M68/F1-L1-M68) and a full length WT recombinant human TPO 
(r-hTPO). Each value is the average of three separate measurements. 

Table 6 . 

Activities of Fc-gamma 4-linked TPO mutein AtfOR V161A (Ml/Fl - LI - Ml) with WT 
TPO Fc-linked counterpart proteins. 





ProUferation Activity Assay ED 50 ng/ml 


Test Protein 


TF-1 cells 


M0-7e cells 


Clone ID 37101 - A60R, V161A" 
(Ml/Fl -LI -Ml) ■ 


11.5 


18.0 


Clone ID 00 - WT 
(M68/F1-L1-M68) 


12.0 


25.0 


r-hTPO 


29.5 


70 .0 



